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PROCEEDINGS

HALPERT: Welcome to Goddard Space Flight Center
and the 1972 NASA/Goddard Battery Workshop. A full two-day
program is planned for you including a session on separators,
one on materials and processes, a third on storage and battery
operation experience and finally a session on the improved energy
density systems, namely, the nickel/hydrogen and silver/hydrogen
systems. Plans call for each session to be a half day, how-
ever, it will not be restricted to that time. As in the past
we welcome active audience participation. Although papers
are prepared, your comments are solicited on any of the
subjects.

I would cffer a special welcome to our many vistors
from Canada and France. We are happy to have you with us
again.

This year we have some surprises, namely, two
gquestionnaires on storage and use of the GSFC Moedel Speci-
fication (S5-761-P-6). We request your participation in both
of these surveys in order to best aid the manufacturer and
user. The results will appear 1in the proceedings.

Tom Hennigan will chair the first session on
separators in which some of the manufacturers will discuss
their ideas. I will be chairman of the second session on
materials and processes. Floyd Ford will be chairman of
the Wednesday morning session on storage and application
and Jim Dunlop, of Comsat, wi-l be the improved energy density
session chairman. If you plan to give a paper in any of the
four sessions, please contact your chairman. I will be happy
to answer any other questions. We hope the meeting will
prove interesting and informat.ve.

At this time we will start the 1972 workshop. A
special guest is with us today to present the management
viewpoint of the present and future for the space power
industry, GSFC and NASA.

I would like to present Mr. Robert F. Baumann,
Acting Assistant Director for Project Support - Space Appli-
cations and Technology Directorate, is representing our
organization, the management of our organization, and has
some words to say to us with regard to batteries and their
use in space flight and what the future holds.

I would like to present at this time, Mr. Robert
F. Baumann.,
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BAUMANN: Thank you, Jerry.

I would like to welcome you to the Goddard Space
Flight Center. I would like to welcome you to the Goddard
Space Flight Center's 1972 Battery Workshop.

Yesterday morning, at about 9:30, my counter
Assistant Directorat Space Applications and Technology said,
"I have the delightful duty of opening the Battery Workshop
tomorrow, but I am not going to be there, so how about you
opening it for me?"

Well, my experience with batteries, up until
that point in time was I go to the store and get them and
put them in my £flashlights and in my portable radios,
and my depth sounder, and so forth, and I have just taken the
battery as a tool, I have taken it for granted. I have
felt, you know, the battery is there and you use it and that's
about it.

So I started talking to Jerry to find out really
what was going on in the nickel cadmium field, and what this
meeting was all about. So, if I make any technical errors
or any brash statements this morning, I hope you will for-
give me.

Now, as most of you are aware, this workshop has
been held each year for the past few years for the purpose
of improving and accelerating the communication between
government, industry, and the user communities.

It is my understanding that these meetings have
become the annual focal point for the exchange of current
nickel cadmium battery technology.
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This meeting also affords an opportunity for
each of youv to look into the future in this field. 1In
the past you have been responsible for taking an infant
technology and developing it into a sophisticated space
flight use, as well as expanding the general commercial
applications.

The maintenance-free characteristics of the nickel
cadm‘um battery make them especially suitable for use in space
fliqut as a reliable power source and for use in numerous
day-to-day items, such as electric shavers, pocket
calculators, portable radios and TVs, hedge clippers,
photoflash units, electric toothbrushes, and walkie-talkies.

For the immediate future in this field, NASA
is interested in several new developments in the nickel
cadmium battery technology.

We are interested in developing a long-life,
say, five-to-ten year battery system that can be operated
reliably in space, with a depth of dlscharge between 40
to 60 percent.

You have made it possible in the past few years
to not only increase the in-orbit life of the nickel
cadriium cells, but to significantly increase the depth
of discharge over a few years ago.

NASA is counting on you as a team for the next
order of improvement in this area.

Now, in concert with the development of the
long-life battery system, NASA, the Air Force, and the
Navy, are interested in developing battery test technology
which will enable accelerated life testing.

We would like to be able to reliably predict
our battery system's operation for ten years in advance,
based upon an accelerated life test of only four to
forty days.

This is, indeed, a great challenge.

Several years ago, we produced an interim
model specification for high reliability nickel cadmium
cells, This specification admittedly used a shotgun
approach, which may have required inefficient testing

and quality control provisions not currently needed to
produce highly reliable cells.
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We are currently evaluating this document and
running tests to establish the relative importance of the
different specified requirements, with a view of producing
perhaps a more reasunable specification, which should
result in lower cost product, easier to manufacture and
test.

This effort, again, uses the combined talents
of the government, university, and industry team.

Another area of interest for the future is to
extend the cell capacity from the present state of the art
of approximately 100 ampere hours to 200 ampere hours.

This larger capacity cell could possibly be used
in the space station application and represents a
technological challenge for the future.

I was requested to briefly talk to the project
viewpoint versus the technological viewpoint of battery
development.

The project is interested in an integrated
power system, one of the elements of which is an energy
storage device, usually a battery.

They want the system to be infinitely reliable,
weigh nothing, take no space, provide an infinite number
of voltages, provide infinite regulation, survive bitter
cold and extreme heat, be produced on a tight schedule, and
cost nothing.

The technologist, on the other hand, looks at
these requirements as an opportunity to conduct extended
research in power conversion and control, materials,
chemistry, electrochemistry, manufacturing techniques,
and life testing.

As you know, this is a bit of an exaggeration,
but it serves to illustrate where the two parties start
the negotiations from which a reliable power system is
generated, and you are the people that see to it that a
critical element of this system is provided, reliable
nickel cadmium cells.

For that, we thank yov.

I wish ycu a productive and highly successful
meeting, and thank you for your kind attention.
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(Applaucse.)

HALPERT: I thank Mr.Baumann for his very intert-
ing and stimulating talk, and he does show us, as he says,
where negotiations start and that we have some work to do.

We will now start our first session. Our chairman
is Tom Hennigan. The subject is separator materials. Tom
Hennigan has been involved with nickel cadmium bkattery develop-
ment for many rears. He has in recent years coordinated the
separator studies and new developments. As a member of the
space power technology team, it gives me great pleasure to
introduce Tom Hennigan.

HENNIGAN: Thank you.

I would also like to welcome to our meeting this
morning -- and I would like to move along fairly quick here --
I have the list of speakers that we are going to try to go
through this morning, and I would like to just read them off,
so the people that are going to speak, or said they would
speak, know what order they are in. We don't print programs
for these things.

Of course, I will be the first to talk; then,
Aaron Fisher of Goddard; and Harvey Seiger of Heliotek;
then Earl Carr, E.P.; Rampel, General Electric; Willard
Scott of TRW; Stephenson of Motorola; and Jim Dunlop of COMSAT.

I don't know if we will cover all these this
morning, but we will give it a go.

For the next 15 minutes or so, I would like to
cover the data and information resulting from the continu-
ation of the NICAD separator tests that have been reported.
on for the last two workshops.

As discussed previously, nonwoven nylons arA
polypropylenes were selected on a Goddard contract, and
these were selected at the ESB Technology Laboratories.

These materials were given to Eagle-Picher for
fabrication of sealed 6 ampere per hour NICAD cells, and
these cells have been cycled for a year, or approximately
6000 cycles at the Naval Ammunition Depot in Crane, and
they have completed the 6000 a couple of months ago.



At the same time, we are giving these materials,
both the virgin materials and t! ~ cycled materials to the
Bureau of Standards to c' aracterize the materials, new and
as used, so we can see i. we can determine what degradation
mechanisms and changes in characteristics take place during
the cycle program,

Most of the cylcling was done at 20 uugrees
centigrade and at 25 percent depth of discharge in a 90-
minute orbit.

Except for the initial few hundred cycles,
the recharge was limited to 103 to 110 percent.

(Slide 1.)

In the first viewgraph, here are six of the
materials that we have been testing for the 6000 cycles.

Now, in addition to these materiais, if you
remember, we reported last year there were three other
materials that we had selected as the type of materials
that were likely to fail in the cell, and all those
waterials failed before 1000 cycles.

Now, on this slide, here we have the pack number,
which identifies the pack at Crane's, and the material
types are listed.

Pellon 2505 is the more or less standard nylon
that is used in cells. It was referred to as 2505- ML
before.

On the Pellon, 2505-K4 is calendared material
which was as received. "AR" means "as received."

"W" means it was treated.

The third one is Pellon 2505-K4, which was washed
in dilute hydrochloric acid.

In the polypropylenes, we have the GAF WEX~-1242,
which was washed in methanol. The GAF, same material,
which is cycled as received.

A Hercules material, which was a microfiber
type of mate:ial, which was used as received, and a
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Fellon polypropylene, which is FT-2140.

Now, during the test program, and approximately
every 1500 cycles, one of the cellis was taken cut. We
started wita 6 cells in most cases, and the cells were
taken apart and analyzed for the following:

The amount of electrowlyte that they would hold,
and the amount of hydroxide and carbonate in the material.

Four separators were removed from each cell,
two from the center of the pack and two from near the
outside of the pack.

The next two slides have the results of the
analysis of the amount of electrolyte retention.

(slide 2.)

Now, here We have retention. Retention on
the left there in grams per centimeter cubed, and the
cycle life on the bottom.

Now, we only ran these 6000 cycles, °F you
rememker.

So the top line is the 2505 star . nylon and
the bottom line is the 2505 -- that should id KdW -~
I didn't pu% the 2505-K4 as received up there.

The points are a little scattered on that
one, but they seem to fall right -- three of them fell
very close to the bottom line.

And as you can see, we are losing some of the
electrolyte, as we cycle the cells, and I did extrapolate
those lines out, and just kind of aa opinion, it looks
like you can sort of predict when these cells may fail.

I did go through a lot of data from the last
10 years of cells that were cycled under this type of
regime, and they normally fail between 10,000 and
15,000 cycles, in other words, one to two years.

Now, the capacities on these cells, after the
6000 cycles, were -- there were only two cells left in
each group 6, 6.2, and 6.1, and 6.6 ah.



Can I have the next slide, Jerry?

(Slide 3.)

These are the polypropylene materials, and
again we have the same X and Y axis, and the top line,
with the triangles, is the Hercules material, which has a
similar curve as the nylon.

All the rest of the polypropylenes fell between
these two dotted lines, which you see in the left-hand
coruer.

Now, I don't know if we plan ~-- if they are
extrapolating that one out like we did the other one.

There is some opinion which I will express
later by the Hercules people, what's going on in this
material.

Now, the capacitir of the Hercules material
was as shown here, they were all greater:thar 6. The
wash material of GAF was somewhat scattered, and some
were low.

The as received material GAF was at least all
staying together, and the Pelbn material, polypropylene,
was somewhat scattered and lower than six.

By the way, these capacities are to -- in both
slides ~- are to ll5 volts.

1f I gave you the data, on most of these cells,
to half a volt, we would pretty much get over 6 ampere
hours on most cells, except for some of these very low
ones here.

Now, I want that photograph.

Unfortunately, last night I found one of my
slides was missing. Jt was too late to do anything about
it this morning.

Now, during tne course of the tests, we took the
materials out, of course, these patches, we will call thenm,
that we took out from the center and the side -- the outer
extremes of the cell -- and we looked at them and
photographed them. That's about all we have done so far.
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Even with that sir-le little thing, we see
some very interesting resul .o coming out of these
materials.

(Slide 4.)

I don't know if you are all going to be
able to see these too well, but after -- sometime today
I will set up the photograph someplace around the room
here, and you can look at them a little closer, if you
would like to.

Now, this is the separator material from --
after 4500 cycles, for nylon, the negative side, in
other words, the side facing tlie negativz electrode.
And the material numbers are called out hers, the 2505s,
with their various treatments or calendaring, and so
forth.

You will notice that the two in the center are
irom the center plates, and the extreme orec are from the
outside plates.

During the discussion, I will call this material
cadmium. We are not sure just what it is. We haven't
aad a chance to do any analysis on it yet, whether it is
cadmium or a compound of cadmium or if there is some
nickel compounds in there also.

Is Floyd back there? He has got some slides.

VOICE: I have got one of them here.

HENNIGAN: Okay.

(Slide 5.)

HENNIGAN: Can you put the lights out back there?

This is the nylon material on the positive
side, in other words, the side facing the positive.

Now, these are the samepikces that you saw in the
last slide, just turned over. Now, actually, in these
slides, and even in the photographs, the -- that side looks
much darker than it really is.

Could I have the next slide, please.

(Slide 6;)
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HENNIGAN: Now, this is the polypropylene
materials, with the negative side showing, and again
we have the center parts in the middle and the outside
parts on the outside, and as you see there, they are
listed down there on the left-hand side, what materials
they are.

And you will notice most of the materials are
quite dark, and the Hercules material is kind of not
too uniform in the shade of darkness.

Now, if you would kind of keep your attention
on these two right here,I would like to bring up something
to you in the next slide that seems rather significant.

(slide 7.)

This is the positive side, now, the same
materials, . that you locked at in the last slide, turned
over, and you will see here that the top one, the cadmium
has gone right through and the Hercules,,K there it is a
kind of a grayish colox, but it hasn't gone through.

Now, in this one here, which I pointed out
last time, it hasn't gone- through these two, but it
did go through the extremes.

Now, one of the things that showed up there
is the ones in the middle, Samples 10 nd 11, were very
dry, they had about one tenth the amounc of electrolyte
that these had (indicating). So, if there is no
electrolyte in the separator, or essentially none, the
cadmium can't migrate and it seems from this information
that if there is a lot of electrolyte,.it-only goes through
partway, but if it is down in that lower end of the
retention curve, say around a tenth to two tenths gram
per centimeter cube, the cadmium will migrate through.

That's all for that slide.

I need the viewgraph again, though. Wait
a minute, I have got one more slide.

(Slide 8.)

Now, you are going to have to believe me on
this one.

10
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This is a 6000 cycles, and I took some of the
various materials, the nylons, and here's two poly-~
propylenes, and as you can see on the negative side is a
little bit of cadmiug,and on the positive side on the
nylon there is none.

On this polypropylene here, which is one of
the microfibers, the material has gone right through.

This is the Hercules material here, and you
probably can't even see it. In fact, I didn't think it
was on the slide when I looked at it, but it is almost
pure white, so it did not go thvrough the Hercules
material, and I kind of gave them a rating as to what I
thought about them, mainly, Hercules, I didn't give them
a very good because there was quite a bit or the
negative side, but it didn't seem to be bothering the
cell.

Okay. Then that is the 6000 cycles,
and they all look -- that was typical of the group.

May I have the viewgraph?
(Slides 9&10.)

Now, I am going to go through these kind of
quickly, because [ don'‘ want to take up too much time
here, but what we have here is the analysis during cycling
of the various materials for hydroxide and carbonate.

Hydroxide is on your left; carbonate is on your
right.

And we start at the top with the standard nylon
and the other two types of nylon are the two bottom ones.

And I am kind of surprised they stay so =-- they
seem to stay so constant over the cycle life, and I will
show you the same information in the next viewgraph on
the polypropylenes.

These here, if you can use your imagination
a little bit on some of them, they don't change too much,
and they also seem to stay constant.

Well, I would just like to express an opinion,
not a conclusion, on these slides, that maybe what we are
losing is the water only, during the cycling program.

[rorer e S e e
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Let's see, may I have the next one, please.

(Slide 11.)

Now, after the test program was all over,
we had a few cells left of each group, and we wanted to
determine whether these cells were shorted.

I mean, when you take them apart, the certainly
look like they are, especially some of the polypropylenes.

So we tried some various short tests, ‘but didn't
seem to show up anything.

So we did this test: Charge a cell for, oh,
about five minutes, I forget the rate off-hand, and just
let them sit on open circuit for a long time.

Now the data we have here is after two months
on open circuit voltage, to see if they will maintain
over one volt. And as you see, one of the nylons, the
standard nylons, failed, it was below a volt, I don't
know if you would call that a failure; where two of them
have stayed up over a volt.

And in the polypropylenes, the Hercules
material has stayed over a volt for two months, and
the rest of them have gone down to essentially zero.

Now, the four that are up there, that show
cells below one volt, went down one to two weeks after
we started the test. The others have been holding up
there for some time.

So, from all these tests we have had, I would
just like to express an opinion. I don't know if we
can really prove all these, but --

Now, the cadmium migration ~-- is this on?

Oh, yes.

The cadmium migration through the separator
appears to be retarded if the separator retains a
large amount of electrolyte, and, of course, this tends
to slow down the shorting mechanism.

This is strictly an opinion: the reason nylon

o TR
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"retains quite a bit of electrolyte is that the lubricant
is probably not very stable; however, the surface of the
nylon degrades and thus wetting in the material remains
at a high value.

A water loss may be -- could be the mechanism
of the separator drying out, water loss only, and nylon,
under conditions similar to the test, seems still to be a
good separator to use for two to three years in a satellite
operation, certainly good for many of the missions that
we only have one year design life on.

I would like to acknowledge the help of a
lot of people in this program, especially the personnel
at . NAD Crane,., which I think did a terrific job in
this particular program.

One of the main tasks of this whole thing was
trying to get those separators intact, and, of course,
I feel they did a very careful analysis along the way.

So I thank you, and if you lLave any questions,
I will try to answer them.

(Applause.)

HENNIGAN: So our next speaker.will be.somewhat
of a continuation of the materials, the results of the
materials that we had, as far as the characteristics of
the materials before c¢ycling and, I think we have some of the
characteristics after the 6000 cycles, or after the various
cycle bits.

We did have a question back there. Guy?
RAMPEL: Yes, GuyRampel, Geneval Electric.

Grams per centimeter cubed for electrolyte
retention. Where did you get the thickness dimension,
before the separator was in the cell, or afterwards?

HENNIGAN: No, that is after it was dried out.
We take the separator and leech out the electrolyte that
is in the separator patch, okay? Anu then it is titrated,
and then we take the separator out and dry it.

Now, that's the thickness dimension we got aftar
it was dried out.
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RAMPEL: Thank you.

HENNIGAN: Bob?

STEINHAUER: Bob Steinhauer, Hughes.

Tom, two things: one, you had some little
marks. on the chemical charts, parallel or horizontal
marks.

What did those mean?

HENNIGAN: Oh, those were maximum/minimums,

Is that what you mean?

STEINHAUER: Yes, but some of the marks, there
were points outside of those two marks.

HENNIGAN: Maybe:I-plottedrall the..points.; I :-~.
think I did. ‘

There are four values there, okay? There are
four values on each separator, so I think I plot:ed
them all.

STEINHAUER: Okay.

HENNIGAN: Okay.

STEINHAUER: Second, this is essentially a
low earth orbit testing.

HENNIGAN: Right.

STEINHAUER: I am very concerned with whether
that type cf data is extrapable to synchronous orbit
testing, and if you people have any plans to run tests
more in a synchronous orbit?

[P P PSRN

HENNIGAN: Well, I don't know if you can
extrapolate it That is always a hard question to answer.

But we have put some of the 2505 type separator
cells on continous overcharge at ¢ /30, and we intend to
take these cells out once every three months. We only
have three cells, so we can go nine months with that one.
So we will see if that correlates with drying out also,
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and those cells have been on about a montl.

I do intend maybe to take the cells we got
left over from the first program and also continuously
trickle charge those and see how they operate.

BELOVE: Tom?

HENNIGAN: Yes.

BELOVE: Belove, Marathon.
HENNIGAN: Oh, yes, sir.

BELOVE: Tom, how do you relate the condition
of the separator to the plates themselves? You show
separator with -- in various conditions of having more
or less material on them, but did anyone examine the
plates to see whether the plates themsz=lves were full?

What is the relationship between the two?

HENNIGAN: Well, we saved all the cell stacks
after they were put through a soxhlet and washed
out, so we have all those materials available to us, it
is just that we have got to get the time to sit down
and see what we want to do with them and what kind of
measurements we want to make.,

BELOVE: I have one other question.,

Did I hear you correctly to say that the
wetter the separator, the less material appeared to be --
appeared on the separator?

HENNIGAN: Appeared to migrate through it.
BELOVE: To migrate through. That is strange,
isn't it? It would appear as though the wetter the

separator, the more tendency for material to migrate
through.

HENNIGAN: Well, if you have got any opinions
on it, I -- we would like to hear it, I don't know why
it happens,

BELOVE: Yes.

HENNIGAN: We have another question.

15
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GRIFFIN: Mallory Batterv (Canada).

I would like to ask you what you think about
the electrodc gap here when you start designing these
cells, I notice you have different dry thicknesses on
all these materialc.

Could you comment on how many layers you put
in, or whether it is just one layer, and also what you
think about these materials. Are these production
materials, are they lab tests, pilot tests, what?

HENNIGAN: Well, to answer one gquestion, there
is only layer involved in each -- between the positive
and negative, It is put in in a U-fold type of assembly.

Most of the materials -- well, the Pellon material,
I would say it is a production material. The GAF is,
what would you ca.l that, a semi-pilot plant, pilot plant
type operation. And Herculet is.. a pilot plant operation.
They are not made out of a beaker, they all have some type
of a machine comb(?) with them. The Hercules one is
kind of a standard machine that is used ia making micro-
fibers.

GRIFFIN: Well, if you arc going to use just
ore electrode gap with these different thicknesses, have
you thought of altering the electrode gap to fit the
absorber system rather than t. 'ing to make t.iec absorber
system fit the electrode system?

MR. HENNIGAN: Well, we are going ahead with some
more tests, and one of them here is a variation of
density of material, which, the Hercules people can
vary the density to whatever you would like, and we are
going to try maybe three densities.

I don't know what the thickness of these
materials are, but I would expect as the density goes
down, they are a little bit thinner, but I don't have
any numbers.

Mr. Lyons, is that right?

LYONS: Lyons, Howard Textile. (voice low volume)

How does the denier ©f the fiber of one ctom-

pared with the other affect the amount of retention of

the electrolyte or the deposit?

A e o=
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HENNIGAN: I don't feel I could answer that
question.

The next speaker is going to talk about some
of the characteristics.

Now, I don't know if that is included or not.
But why don't we bring him on, if you are interested
in the characteristics.

D 1 see another hand?
Joel?
BACHEPFR: Bacher, RCA.

Tom, you expressed an opinion on the usability
of the nylon samples for one and two year missions.
I didn't catch a summary on the polypropylene materials,
or your opinion on the suitability.

HENNIGAN: Well, I guess you have to -- if you
want a five to ten year battery at zero to 25 degrees C,
and especially the higher temperature, I think the consensus
is you have to go to some other material than nylon,
and polypropylene seems to be a good bet.

BACHER: But does it show -- do you think it
showed a marked improvement in retarging migration?

HENNIGAN: Only the Hercules. It was comparable
to the nylon.

There is one other thing I would like to say
akcut the whole program. The only material that was
comparable to nylon electrically, as far as charge
voltages -- well, discharge didn't make a whole lot of
difference, but charge, was the Hercules material. It
is about the only material we tested that we could say
was a substitute for nylon today.

However, I don't see any sens2 in substituting
if you have got a short mission.,

BACHER: Thank you.

HENNIGAN: Any other questions? (Additional
information on page 71.) .

We will bring on the next speaker, who has
some data on the characteristics of these materials

[P S————
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before cycling, and some information after cycling.

This is Aaron Fisher, who is at the Materials Branch at
Goddard Space Flight Center.

FISHER: First off, I want to thank Tom for the very fine
description he gave of the various types of tests, at least from the
Crane point of view, the Crane angle, the electricals.

What we are trying to do is portray a depth type of physical
property description and tie that in with some of the properties that
were ongoing in the batteries as they were brought out for the 1500,
3000, 4500, and 6000 cycles.

I want to say that the Bureau of Standards has been doing
practically all of our work in regard to the particular properties we
are going to talk about, and we have prepared for you a preliminary
interim report, which eveyone is going to have a copy of, that is,
whoever wants one. And within it, we have the particular techniques
that are being used, and the description of them.

Basically, they are out of the pages of ""Screening Methods of
Fleisher and Cooper.' So, if you note particular captions on some of
these columns, the techniques for obtaining these particular data are
as described in the set of interim data from NBS, previously noted.

Now, I have been sort of forewarned that ''please do not throw .
too much data at the people, ' but it is something I think that we may have
to live with, at least for now, because it is the only way that one can
look atall of the parameters and at battery conditions at the same time,
and even though it may look voluminous, maybe we can get something
out of it.

So, let me put this particular viewgraph on. :

(Slide 12).

1
H
3
As you see here, we have essentially the same materials that !

Tom has spoken about before. The 2505 that is; the ML-2505 Pellon §
K4 calendared. {
4

i

The next one is the calendared Pelion K4 with the hydrochloric
acid treatment, .7% treatment.
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The third one is the maximum loft type material, the 2505ML.
The next one is the Pellon 2140, which is the polypropylene.

The subsequent one is the Her :ules microfiber. And then the
GAF material, WEXs, et cetera.

I will get around to bringing some of those up where we can
see the data.

Now, we have these various columns and their titles, apparent
density, percent KOH absorption, apparent porosity, permeabilities
and from all of these, we would hope that we can come out with some of
those parameters which indicate which particular separator might be
a more desirable type.

Now, if you look in the apparent density column, we find that
the polypropylene, that is, the microfiber polypropylene and the MLs
ar+ sharing the position for very low apparent density, and this sort
of ties in also with the proposition of absorption.

You are beginning to get the large amount of absorption in that
area of low density, including also the K4 and the K4HC1 treatment.

Now, the apparent porosity is a term that we get from taking
the absorbed weight and density of the material and get a volume and
compare that with the original volume of the separator.

So we can see that the apparent porosity of the material is high
for the nylons and also for the microfiber polypropylene.

The other particular material, the WEX, the W-E-X material,
and also the Kendell material, which is further on down below, have
not shown up well in this particular area of porosity.

We have our air permeability, which is the time it takes for
- in seconds - for 300 CC to pass through a separator. These values
are for the particular Gurley type of instrumentation that was used.

A e o s e
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Now the wet out in seconds is an operation which we sort of
devised. It is a circular Lucite plate with variously increasing grooved
diameters, and it has got a hole in the center.

What we do is drop some of the KOH material down throngh
the hole, watch the expanding wetting KOH and see how far it expands
in the particular period of time, as viewed against the grooved circles
of increasing diameter. .

Now, the wet out is an indication of how long it takes to
actually disappear, so we can see that the low numbers over here in
the seconds are indicative of a material which is going to wet out
quite easily.

And from that point of view, we see that the initial K4 and the
MLs and also the polypropylene, the microfiber polypropylene are
very good in this particular regard.

The as received WEX 1242 also shows up quite well in this
area. )

The specific resistivity is as indicated in the Fleishman-
Cooper screening technique. That is the particular method that we
used here.

And we can see, as we are coming down the column, that
.30, .20 density and two below those, those are the Kendall materials
that have the high density, approximately .6 to start with, and we can
see that the specific resistivities are quite high with the . 6 density.

The other resistivities are nominal and the primary
indication here is that with the high densities, we are getting the high
resistivities, and otherwise, we have a nominal type of specific
resistance.

The next column is the KOH retention on the separator, gram
centimeters per cubic centimeter, and that is basically the same type of
data that Tom presented before, except now we see it in the context of all
the other particular properties that have gone before.

They are read left to right for the 1500 through 6000 cycles, and
we can see that the retention is greatest, say, with the nylons, and with the
polypropylene, the microfiber polypropylene, and that for the

AN e St M B e, S TS BT R Ao AT 1
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others, the KOH retention is quite low, I mean, noticeably low, so
that you can see there is quite an apparent difference between that
group, and the micropelypropylene nylon group.

Now, the pack capacity is indicated in the next column, and
that runs from an original value, before cycling, through 6000 cycles,
s0 that the first number there, up on the top column is 7. 56, that would
be the original number. And 7.52, 7.5, 7.6, and 7.28 are progressive
values as the cycles increase to 6000 cycles.

So we can see that the Pellon K4 material is holding up pretty
well in regard to the capacity of the cell.

I want to also indicate that these capacity values are different
from Tom's in that Tom's went down to, I believe, one and a quarter -
was that it, Tom?

HENNIGAN: One one five.

FISHER: One ore five volts (1.15V).

These go down to a half volt, so these numbers are higher
than in Tom's data which were in the neighborhood of about six. These
were taken from the same data, incidentally, but are an extension of it.

As we go along, we can see differences in the tapering off of
the capacities, say, in those values which correspond with a KOH
retention tiit is quite low.

One of the unusual things that occurred in this particular
operation was the capacities for the ML-2505, which we had been
considering as sort of standard, being quite lower, appreciably
lower than the K4 material. The uniformity of the Fellon K4
material, both in the KOH retention and the capacity is quite
noticeable as compared to the 2505-ML, which might lead me to
say that even though it is a K4 calendar, that it might be a more
uniform type of material, and possibly it should be used as sort
of a control rather than the Pellon 2505-ML in future types of
operations.

(Slide 12)

If you can recall the particular materials that we have there,
basically the K4 and -
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(Discussion off the record)

FISHER: These are the actual cell resistivities in milliohms
from the original on up through 6000 cycles again. These happen tc be
water colors, and I guess in the rain I may have wiped off some of them,
but the numbers over there in the first column, we have about 2. 46, I
think that is the number, and one under it, 3.0%.

Basically, these follow the same type of procedure as 0. tise
previous column, that is, the first number is the original, and the.
they progress from left to right on out to 6000 milliohnis.

We can see that as we get down into the area of the polypropy!enes,
where the retention on the separator is low, that we have resisitivi.y tnat
is starting to climb.

If you compare the resistance here, the cell resistance here as
compared with the one in the 2505-K4 calendar material, you see tha* the
resistivity up here is comparatively low and that there is a general tendency
for the resistance of the cell to move on up, possibly vith the diminishing
amount of KOH on the separator.

We really haven't probed into this particular area. This is
practically brand-new data th-t I was looking at the other day, and we put
it down for your information. We would like to present this and put it
into the book so that you would be able to really look at it and possibly
analyze it on your own.

What we have herz, now, is a sort of in-depth type of view of
what particulr types of separators and their absorptivities, et cetera,
and retentions, are doing in terms of the cell as it is progressing along
through the 6000 cycles.

Originally, we thought that we were going to reflux our separator
materials and get similar data to that before refluxing, refluxing with
hot water. We were going to reflux them so that we oould start with a
standard which would compare with the material that we were going to get from
Crane. Crane's materials was to have been or would be refluxed
separator material from cycled “atteries. So, we thought we would
take our original materials and reflux them to see what kind of values
we would get out of them in anticipation of what we would get from Crane.
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Much to our surprise, we found that as we started looking at
the polypropylenes, the properties that we thought we would be able to
commre later,on battery c cled and refluxed separators,disappeared
because most of the polypropylenes had wetting agents or materials
on them that dissolved in the soxhlet reflux action, so that - let me show
you some of the indications of this.

(Discussion off the record)

FISHER: This is a wet out similar to the other wet out that we
have up there in seconds.

This is after the material has been refluxed, and we see the
9900 seconds as an arbitrary number that we used to fit inot a computer
schednle that we were doieng, but it actually means that it may never
have gotten to the point w..ere there was any kind of wetting out occurring,
and you can see that with the polypropylens maferials, in~!:zding the
microfiber material, that after refluxing. the time for wet out increased
tremendously, so that we had here a system which primarily, it would
appear to me, had to depend upon, at least for wetting and absorption
of electrolyte, had to depend upon the fact that the e was a wetting agent
material on the polypropylene.

However, as we look at the nylons, we see that although refluxing
has occurred and some changes have occurred, that we are still able to
get an absorption, or wetting out of the materiai.

Now, in the case of this number eleven, 11 seconds, I sort of
investigated that on my own, and I could not believe that it had become
so enhanced because of a refluxing operation, and we have been studying
actual droplet form as it is affected by wetting, that is, we have a mirror
arrangement under a microscope, and we can put a drop of - a known drop,

a micrometer calibrated drop, on a fabric, - and take pictures of the way the

drop is absorbed, and so we tcught that maybe this very rapid absorption
was possibly due to the fact that the nylon, when it was being measured,
had not been thoroughly dried, and we did take pieces of nylon and
subjected them to various drying cycles and it was apparent that those
which were least dry showed the greatest tendency toward wetting, for

whatever that might be, and as the nylon fabrics dried out, more and more,

then the tendency for wetting decreased.

o e e m ~ e v
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I might want to indicate that we are alsn inveolved in a study
on the ability of KOH {o wet various surfaces. This tool allows us to
modify the surfaces of the fabrics. say, possibly with corona discharge
or with oxidizing reagents, or possibly with wetting agents, and to
quickly then be able to see in the microscope, on a time scale. just

*\éow rapidly the drops could be absorbed into the fabric as a function of

the modifications on the particular material.

I have not brought any of the picuires, though we have hosts of
them, blown up pictures, whichshow a lateral view of drops as they are
disappearing into fabric materials, and maybe we can include some of
those in the report that is going out.

That is about all I want to say for now.
(Applause)

FISHER: One further thing, these interim NBS reports will

be available at lunch time. I will bring a batch of them up here, enough
for everyone.

HENNIGAN: Do we have any questions for Mr. Fisher?

FISHER: I think on that question that arose before on the denier,
I do not know whether you were talking about the denier, or whether it
was really cross sectional area that you really had in mind.

It would appear to me that if you have a very fine fiber, and you
do not have a wetting agent on it, you will have greal difficulty with
the microfiber in trying to wet it.

In fact, there were some operations that we could not get any
data on at all, once the wetting agent was removed, but with the assistance
of the wetting agent, nonwovens appear to be excellent absorbers of KOH
solution, and I think some of tkese data might bear thot out.

HENNIGAN: Are there any other questions for Mr. Fisher?
Bob Steinhauer?

promamey PEARS el A
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STEINHAUER: Steinhauer, Hwghes.

If that same wetting agent were used on a polypropylene with
larger denier size or cross sectional area, would you expect similar
results to the Hercules?

FISHER: If the same type of wetting - I did not get that, what
was that again?

STEINHAUER: In other words, you attribute the properties -
or at least, part of the properties of the Hercules material to that
wetting agent.

What if some of the same wetting agent used on the Hercules
material were applied to larger size fiber materials, would you expect the
same results?

FISHER: No, not the same results.
I am saying that you would have a difference depending upon the
thickness of cross sectional area of your fiber.

I am saying you can get very excellent results with a microfiber
and a wetting agent. Without a wetting agent, no; you can take the same
wetting agent and put it on another polypropylene material, yes, if
it is the same type of denier or diameter, I would expect the same type
of results.

If the fibers were of larger diameter, which means decreased
surface area, I would expect a lesser type of result, i.e., absorption.

HENNIGAN: I would like to mention one thing about the wetting
agent on the Hercules material, after these tests were over, we sent the
material to Hercules, who offered, gratis, to analyze and see if they
were losing it. Now that was a little difficult to analyze for because there
isn't very much on there, plus the cadmium was interfering with their
analysis, but it is their opinion that they lost some but it's leveled out.

Now, that is an opinion. I do not have any proof for it. But
they did analyze the material for us before and after six thousand cycles.

Our next speaker this morning is Harvey Seiger from Heliotek
and Harvey is going to explain

" U RS
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to us why some of these things are going on in the
cell, like the drying out, is that right, Harvey?
Electrolyte less.

I want to make sure I have the right guy.
{(Laughter.)
SEIGER: Harvey Seiger of Heliotek.

I don't think we will explain the whole
thing, but I hope that we will start something towards
understanding why one loscs electrolyte from the
scparator and has it go into the electrodes.

I think it is pretty well establisbhed now
"at this redistribution does occur, and it appears
in cells, regardless of the scparator material that is
used, although it is greater and it occurs apparently
more rapidly with polypropylene than it does with the
nylon.

Now one of the mechanisms that I have heard
that has been postulated is that there is a corrosion
of the grid.

We have considered it, but we arc not going
to treat it here because our consideration shows that
it is not a prevailing mechanism.

Now, nylon deyradation was not considered
because redistribution occurred in cells with poly-
propylene separators as well as those with nylon.

There are apparently two other mechanisms
that occur in t: > cells, and one is simply a thickening
of the positive electrode. Well, the entire cell as
used is held under a mechanical constraint and if the
positive electrode does thicken, it has got to exert
its force on something, and the separator is
compressable, so you are opening up additional
volume in the positive electrode by its thickening,
and you are compressing a wet separator, and you would
simply squeeze the electrolyte out of the separator and
then it could enter the positive electrode.

And I think that is all the time I am going to
spend on that particular mechanism., '
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The second one that I believe prevails is
the rcal objective of this presentation, and I contend,
and I will try to establish some of it by some
indirect evidence, that there is air entrapped in some
of the voids, particularly of the negative electrodes
at the time that the cells were sealed.

Now estimates are made of the amcunt of the
air that is entrapped and it is surprisingly significant.

Now, as the cell is used, there is an
exchange of the air with the electrolyte, from the
separator, and you can visualize the competition
between tue separator and the electrodes for the
electrolyte.

Now if the separator is hydrophokic, as with
most polypropylenes, it won't fare well in this
competition and the electrolyte can leave that
separator and enter the voids in the electrodes.

Now, such a mechanism explains not only
the electrolyte redistribution, which it is an ad hoc
hypothesis, but it also helps explain some other
phenomenon that we have known for some time.

And these are shown in my first figure.
(Slide 13.)

The first statement is merely an enunciation
of the air entrapped mechanism in which there is
an exchange. I shouldn't have used the word "diffused,"
it implies the mechanism.

There is an exchange between the separator
and the electrodes.

Well, if you have air in the cell at the time
it was sealed, you had nitrogen and oxygen, and so you
will readily find that there is an amount of nitrogen
in that cell, which I calculate to be on the order of
2, 2.5 psi in a 20 amperechm cell.

Cnce we are equipped with this redistribution
mechanism, and we see that the electrolyte is leaving the
separator, we can explain some other things.

For instance, there was a cell that had been
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designed not to explode, having a scavenger clectrode,
it went out to Crane, and it did explede. MNow we can
explain that.

Then the fourth item, is that there is a
sensitivity decrease of oxyygen sensing electrodes,
which we can now assume, and I will try to establish
it during the presentation, that the loss of electrolyte
will inhibit ~- or the loss of water will inhibit the
at which the signal electrode would operate, and that
would give rise to the loss of sensitivity.

And then the kinds of calculations that
we have gone through, the chemistry, help us to explain
why we observe on all the charge pressures a decreas
of steady state pressure as the state of charge of
the negatives is increased.

I am afraid that I won't be able to explain
all of it, but the calculations are very interesting
and it will show that there is a slight drying out.

And then once we do that, we can encounter
some data that Dennis Turner published in the Journal
of Flectrochemical Technology in 1964, in which he had
a historesis and w2 can explain the historesis effect
on the basis of drying out.

And with that I would like to go into the
promulgation of the air entrapment mechanism.

That is enough of that slide. We will be
using it later.

Now historically, there has been a number of
methods for determining the amount of electrolyte to
add to a nickel cadmium cell, so that tc have a
sufficient amount for the charge-discharge reactions,
and yet so much not to cause high pressures.

Now, one experimental method has been to add
incremental quantities of electrolyte and measure the
over-charge pressure and the capacity of the cells,

Now, I have a generalized set of curves
for the next one, which show this.

(slide 14.)

We just add quanities of electrolyte to a cell
that we can enter, and plot the capacity on the dash
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curve and the steady state pressures that we observe on
the solid curve, and we do see that it is a sigmoid type
curve,

I happen to remember for a 6 ampere hour cell,
the first point correspondes to about 16 milliliters
and the secona bending upward, corresponds to about
18 milliliters; in a case like this, we would choose
about 18 milliliters of electrolyte to add to a cell
and that comes up again with the famous number of
about 3 milliliters per ampere hour,

Now, in order to determine the amount cf
electrolyte to add to cells that we were making, we
carried out a procedure such as this, and we determined
that we needed about 65 milliliters of electrolyte, wut
we also determined very importantly that we did need
about 4 ampere hours precharge in order to maximize the
capacity, otherwise there was a limitation of capac’'ty
due to the positive electrode, in spite of the fact
that we had some precharge in there.

If you carry out a precharge, it causes a
dilution of the clectrolvte,

Now, if one adds electrolyte to cells having
discharged electrcdes, and then you do the precharging
by whatever method one choose, and then consider that
cell again, when it is at a state of full charge ard
closed, the effect of precharging is always chemically
the same. There is a dilution.

Now, in order to minimize this dilution, we
decided to float the cell prior to the precharge, and
later extract the excess electrolyte.

Now, if you follow this procedure, the amount
of electrolyte that remains in the cell is now 78
milliliters.

The other procedure gave us 65, and now we
have 78, and we have a measurement difference of 13
milliliters, that at this point, I want to suggest that
that 13 milliliters of additional electrolyte hacg
replaced air that was entrapped in the cell, when we
did the original work.

And we might also suggest that the estimate
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void volume in the separator and in the discharged
electrodes provides for us an interesting comparison.

May I have the second viewgraph, please.
(Slide 15.)

We proceeded to make a volume estimate of
unimpregnated voids in the el:ctrodes and also in the
separator, and these particu.iar cells, they have a total
void volume on the unimpregnated plaque of 113 cubic
centimeters; the void volume in the separator came out
to be 19.5 cubic centimeters, and the total thercfore
was 132,

On impregnation, the positives had a
theoretical capacity based on weight gain of 25 amperc hours,
using the density of niclous hydroxide, we €ind a
residvel void volume of -- we find that we have occupied
21 cubic centimeters.

Similarly for the negatives, we calculated
that we have impregnated 30 CCs of cadmium hydroxide,
and this gives us a tntal volume calculated in the
discharge state cf 51 CCs, and the residual void volume,
therefore, is the difference between the total initial
voids and the volume of impregnated material, and it
comes out to be 81 CC, which is awfully close to the
78 that we actually put into the cell,

Now, we postulate that with the customary
filling of nickel cadmium cells with electrolyte, some
air is entrapped in the electrode, and as the cell is
used, this entrapped air is exchanged for electrolyte,
and this air enters the atmosphere of the cell.

Now, the source of the electrolyte for the
electrode is from the separator, resulting in a
diminished content in the separatcr.

Now, in the example given, if these ¢ells were
filled in the customary manner, about 60 percent of the
electrolyte in the separator could migrate from the
separator to the electrodes.

Now similar calculations could be made for
any cell design, provided the plaque voids, loading
levels, and separator characteristics are determined.

e o o 4 4 b WA s il o o

kesoe e



91 34NOI4

Y g R oE
= {w Tnuul
+m
IR . T
Y. B - pjsax -
— Jam =
WL TS
— -—
|
f 1 |
=y | I | T
L)
= - |
==
vy =3 3 .
|. - "4 '“

R N LR

—_— e LEIOVVD
——— D

SL 3HNOI4
o SHYIOA QIOA TYNAISEH

= 15 EILVLS QEDYVHOSIA ‘STVINIIVW CEIVNDEHINI 40 TWYTOA
£ (019 m-u\u 6L°% = ¢ IV TAYIOA ‘HY 26 XILIOVAVD TYOIISHOSHLI FATLVDEN
=T mua\wﬂ.a.aﬂuqag.nqmwuhuﬁqugﬂg

¢ 61 (saroa $0S ‘22T SHTd TvH) HOLWIVIES J0 SWNYTIOA QIOA
mlumdm ggsgﬂg

ZLVWILST TWYIOA TIOA

€L 34N9Id

*FOHLOFTE FATIVOUN FHI 40 FOMVHD 40
ZLVIS 40 NCLIONNA YV SV FDUVHOMEAO ONTHNG FHNSSEEI NO VIWI SHINMNNL
NI IOS44H SISEMAISKH FHI MIVIODE SITIH WSINVHOEW INEWIVHINE HIV @3RI °9

“JO0MLOTTE FATLVOEN
FHL 40 SDHVHOEHd ONTSVEHONI HIIM ESVIHOEI SIHNSSIHNd FDHVHOHIAO FHIL
XHM NIVIdXS JTSH WSINVHOEW SIHIL HITM QEATOANI SNOILVHEQISNOO §HI *S

*JN0 DNIXHO 40 SISVE NO QENIVIJXH 3H
RVO OKITOXD HLIM SICOHLOTTE ONISHIS NADAXO J40 FSVEHIET XITATIISNES *%

" ININdVHING IV 40 SISVE NO QENIVILE
H NV fENVHO QYN I¥ QHOOTOE (3d) STOMLOFTE MEONEAVOS HIIM TIE0 €

*STIED HY 02 NI ISd 5°2 INody € OL QELVINOTVO SI JINNOWY aNV
WSINVHOEW WOHJ XTLOSHMIC QANIVIIXE 35 NVD STTISD NI QMNOd NIDOHILIN T

“HOLWHVIES FHL WOHd ZLXTCHLOFTE
A8 EOVIdEH ST ANV XIMOIS 1IN0 SESNJAAIT SIOMLOETI NI QEdJVHINT HIV T

WSINVHOEW INSAIVEINT HIV




30

—

b

31

Now, since we have a postulate on air
entrapment, and some preliminary evidence on it, as
well as Tom Hennigan's experimental findings, this
method can be used to probe some other questions
and problems that cxist pertaining to the nickel
cadmium cells, and I would like to go on next to the
nitrogen in the atmosphere of the cells.

Now, when the air leaves the electrodes, 20
perceat is cxygen, which is consumcd at the necgative
clectrode, and the rcamining 80 percent is nitrogen,
which remains in the cell atrosphere. Now for the
sake of simplicity in making calculations, t..e free
space of a cell is taken as 80 cubic centimzters, and
the quant’ty of nitrogen is four times ten to the minus
four moles, resulting in a partial rressure of 2 psi.

Thus, if the cell is open and the composition
of its atmosphere determined, nitrogen will be found.

Now, at the time of ope.ing, should there be
5 psig in the cell, ‘he volume composition would be 10
percent.

Now, I would like to go on +5 the four electrnde
c~ll explosion, and several years ago wc had done some
work on the inclusion of platinum catalyzed electrodes,
in sealed nickel cadmium cells, to enhance recombination.

The purpose, to act as a scavenger, so that
there would always be a signficant recombination reate for

*low, during the development, we had realized
that the amount of electrolyte that went into a cell had
to be increased to avoid an explosively fast reaction
at the fuel cell electrode, and this is particularly true
at low temperatures, where hydrogen could be formed,
and then the hydrogen-oxygen reaction would be explosive.

Now in subsequent testing of such cells at
Crane, the worst happcned. There was an explosion during
a charge at low tempeature,

Now, if we use the air entrapment mechanism,
and the electroly‘ie redistribution is applied, we can
get a .:casonable explanation for what went on t!-~re.

With the electrolyte redistribution, the amount



31

32

of electrolyte,about that platinum clectrode, which was
originally designed to be of considerable quantity, it
decreased, and when the hydrogen formed during the charge
at low temperature, and subsequently oxygen formed, they
reacted violently, causing the explosion.

Now at this time we might speculate that if we
were to redo this with platinum electrodes, they might be
incorporated safely into the cells, providing that the
entrapped air is removed first.

Let's talk now about the sensitivity decrease
of oxygen sensing electrodes.

May I have ithe next slide, please?
(Slide 36.)

Oxygen sensing electrodes require water for
operation,

I have drawn here a schematic of the three-
electrode systen.

We show a power supply on the top, charging
the positive-negative electrodes, and we have an
auxiliary electrode in there.

And the arrows show the direction of current.
I like to use electrons so included as well as the usual
standard designation for current.

Now, consider the cell, as it is just going into
overcharge in which essentially all the nickelous hydroxide
#.as been charged.

You now take hydroxyl ions, from which you get
oxygen plus water,

At the negative electrode, you are still charging
cadmium hydroxide to cadmium.

Now, the particular auxiliary electrode that I
chose to take was the absorbed hydrogen mechanism. This
cculd work equally well, if one wants to assume a peroxide
mechanism.

What we show for the absorbed hydrogen mechanism
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is that oxygen removes hydrogen that's absorbed on nickel
sites on the ncgative electrode to form one.

That absorbed hydrogen is replaced bv reaction
two, in which water from the electrolyte is separated into
hydroxyl plus the absorbed hydrogen.

At the negative electrode, which is the supply
of the electrons in carrying out this reaction, at the
negative electrode, we are discharging it in order to supply
those electrons and hydroxyl that is used.

Well, very obviously, if you diminish the
availability of water by either poor working or a
diminished quantity of water that cannot get to the
auxiliary electrode, then the signal will be decreased,
and that will result in the loss of sensitivity.

Now, in a 1967 paper at the Power Sources
Conference, the necessity of water transfer was noted.

And very interesting, on page 64 of the Power
Sources Conferences, is the following information, and
I quote it:

"These test cells, which were not
hermetically sealed, appeared to dry out in
about a thousand cycles."

These cells had been cycled at 50 percent depth
of discharge, .in about 1000 cycles, the perfsrmance
degraded, and there was & loss of sensitivity of the
signal electrode.

The addition of water, or electrolyte,
restores the cycling ability and the anbydrous sensitivity.

So we have a case here where water was added
to the cell that apparently had dried out and we were
able to restore the sensitivity of the oxygen signal
electrode.

Now, it may be concluded that the loss of
a signal electrode sensitivity is due to interference
with reaction 2 on this slide, which is,in turn,explained
by the electrolyte redistribution.

The corollary that these auxiliary electrodes
may have a more stable sensitivity while cycling is
expected if one were first to take care of electrolyte

—————
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redistribution.
That enough for that slide.

The next area doesn't bear directly. 1It is
going to make some contribution to the understanding of
some data that was publsihed in 1964 by Dennis Turner,
and it deals with tine decrease of the pressure on overcharge,
with an increase of precharge.

And we want to just understand some of the things
going on in the cell.

Let's consider a fully charged nickel cadmium
cell that is equipped with a resealable vent.

May I have the next slide, please?
(Slide 17.)

Now, while in overcharge oxygen is generated
at the positive electrode, indicated by the first slide
and by the first equation.

And the negative electrode charges to an extent that
is equivalent to the number of moles present in the gasecous
state of the cell. When that oxygen is vented out, the
state of charge of the negative electrode again increases.

Now, if you consider all the changes ‘“hat could
pessibly occur in the cell, physical and chemical, in the
negative electrode, with the cadmium hydroxide, the mobile
volume of cadmium hydroxide is 30.6 cubic centimeters. The
mobile volume of cadmium is 13.0, and so the change in the
mobile volume is 17.6 cubic centimeters.

We are not only generating the water, as shown
in the next reaction, but we are diluting electrolyte, and ﬁ
when you dilute electrolyte, inject water into 34 percent ‘
KOH, it doesn't give you on2 milliliter volume change for :
one gram,

We wanted to estimate what the possible mohile
volume of water would be when diluted into the electrolyte,
and so we went to the literature and we pulled out some
data for 34 percent and 33 percent electrolyte.

4t Rt e T e 2

[N T

The compositions are indicated. We have taken one
liter in both cases. We now assume that we are going to
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inject water into a 34 percent solution of KG.u, so we start
off with the analvtical value and we are ‘going to make up

a hypothetical solution, 33 percent KOH and retain the same
mass, so this is conctant, the mass of potassium hydroxide,
and the question is how much water must be added to this

to dilute.

And when we finish the calculation, we find
that there is a mass change of 40.5 grams and a volune
change of 38.7, co that thc effective density of the
water, when going into dilution,is 1.04, and if we raise
this a little, we will find that the partial molal volume
of water is 17.3 cubic centimeters.

The point is that while we are generating 18

grams of water, creating a volume of 17.6 cubic centimeters,

for it to enter in the negative electrode, the actual
volume of water is 17.3, so that there is a slight drying
out, so slight that we can't account fully for the decrease
in pressure as the state of charge was reached, but this
does show that there is a tendency in that direction.

So I am assuming that there is some other
mechanism that is going c¢n inaddition to the opening of
the porosity of the negative electrode.

Now, this kind of explanation allows us to see
a compatibility with Von Doren's equation presented at the
Power Sources Conference in 1959, and with some earlier

kinetic measurements, indicating a pressure decay dependence

on the zero order on the state of charge of the negative
electrode.

With this as a background, we can go into
Turner's hysteresis. The purpose of the just previous
discussion was to set the stage for explaining the
hysteresis observed by Turner, which is shown in the next
figure.

May I have the next slide?
(Slide 18,)

Now the explanation that I had given earlier
about being able to change the state of charge of the
electrode by sintering out oxygen is shown in the upper
curve, This was two tenths of an ampere hour charge
ratio and up here, I believe it was 1.5. He took a ratio
of the state of charge of the negative to positive
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capacity and expressed hic data in terms of that charge
ratio, and thc steady state pressures are on the ordinate
but if he vented out oxygen, which the sequential venting
out increzsed the state of charge of the negative
electrode, and then he backed up and as he obscrved the
hysteresis, they do not follow the same curve,that there
is a differcnce between themn.

Well, the first plot, where I was dealing with
the effect, that small effect of having three tenths of
a cubic centimer residual void diminishing the effective
amount of electrolyte in the separator helps partly to
explain for the slope.

The other part would be that as this is going
on, as you are cycling it, there is an exchange of air
in the electrode, of the nitrogen in the electrode, into
the atmosphere of the cell, which he then vents off, and
with that, he essentially has less electrolyte in the
cell and he will follow the lower curve, so that the
anount of electrolyte between the two sets of electrodes
are different there, it is sequentially decreasing as it

is going timewise, down the scale, reversing and then coming

back.

And, again to take a quote from Turner, on
page 316 of the Power Sources Conference -- pardon me, of
the Journal of Electrochemical Technology, he notes, and
I quote:

"At times one finds that oxygen recombination
improvzs with time as some cells are continuously over-
charged after cycling."”

So I guess we can summarize. Now, while there
are several mechanisms accounting for redistribution, one
is concerned with air entrapment at the time of filling of
the cells, and the evidence was presented for measurements
of 13 cubic centimeters of air that was entrapped in cells
that were filled and precharged in the usual manner as
comnpared to flooded cells precharged in an unusual manner.

Now by assuming such a mechanism, several questions

that have been answered less than satisfactorily were now
explained again, in part or fully, with this air entrapment
mechanisn.

Now nitrogen is expected io be found in cells
if there is, indced, air entrapment, and NAD Crane analysts
find more nitrogen in the cell than could be reasonably

B
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explained by errors in sampling.

The electrolyte redistribution appcars to
account for the unexpected explosion that occurred in the
cell at Crane, with the scavenger electrode, as well as
for a loss of sensitivity of the oxygen sensing electrocdes.

The electrolvte redistribution, in part, can
account for the hysteresis effect discovered by Turner.

Now, by presenting an air entrapment or
preventing an air entrapment on filling, not only mayv the
problems that are a consequence of the electrolvte
migration be avoided, but a natural transition could be
made to polypropylene separators.

Thank you.
(Applause.)

HENNIGAN: Now, ¢» we have any questions for
Harvey Seiger.

Question right there.

QUESTION: You speak of air entrapment, is
that at the vacuum filling?

SEIGER: Yes.

HENNIGAN: Any further questions? There is one
right here.

PATIL: .Arvind Patil, from W. R. Grace.

If the air entrapment mechanism is right, then
shouldn't we expect similar kind of drawing in nylon
separators?

SEIGER: But you have it. Tom Hennigan's
second slide showed that the mass of material in the
separator doesn't decrease with cycling, and I think it
was Jerry Halpert that first found the electrolyte
redistribution and those were in cells with nylon.

PATIL: No, but the intensity of drying in
nylon is much less compared to that of the polypropylene.
How would you account for that?
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SEIGER: One of the reasons for that could
be that the nylons are usually thicker, absorb more
electrolyte, and you start with more.

HENNIGAN: We have another question in the
back of the room.

HAAS: Hass, Philco Ford.
I have noted on a vacuum gauge for cells with

a gauge assembly, let's say after six months of
operation, we note that we still have a good vacuum in

the cell and that we haven't noticed a change in the pressure.

What would be the reason for this?

SEIGER: Possibly -- it might possibly be that
the rate at which this transfer occurs depends upon the

use of the cell. I believe that cells in synchronous orbit do

not show the same extent as cells that are in earth orbit,
and when one compares, say, one year of cycling data, we are
pulling out -~ oh, I did a calculation at an average 40
percent depth of discharge -~ we are pulling out something
close to 40,000 ampere hours from 20 ampere hour cells

that are cycled with low earth at 40 percent depth of
discharge, we will have something in the order of 1200
ampere hours on a synchronous averaging 40 percent depth
during the synchronous periods.

HENNIGAN: Bob Steinhauer.
STEINHAUER: VYes. Harvey, two things,

One, you discounted the corrosion of the positive
plate very lightly, and do you have reason to do so.

And, second, do you have reason to believe this
air is entrapped in a particular location in the cell?

SEIGER: Let me answer the second question first.

I believe that it is entrapped in the ncgative
electrode. I have some preliminary data. The reason I
didn't present these data was because of the way that they
were taken., It is only individual electrodes, and with
this type of experimental material, we should have a signif-
icant number, say 10 or 20 electrodes, and then do a
comparison and actually treat such data statistically.
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It is a little difficult to see,but I have
the pickup of 30 percent KOH, in grams of 30 percent KOH
per gram of electrode, and if one merely immerses the
positive and the negative electrode in electrolyte, they
both pick up --

Could you clarify that a little? Okay.

We find that the positive electrodes on simple
emersion will pick up .127 grams of KOH per gram of
electrode. .

If we then pull a vacuum on it, and this
happens to be the same electrode, we get .15 grams.

Now, if we take another electrode and pull a
vacuum first, and then introduce the electrolyte while
it is in vacuum, you notice that we have .143, which
is pretty good in doing that, and that is why we need
more data to show whether there are differences and where
they occur,

On the negatives, however, we start with .086,
then we introduce it into vacuum, and there is an increase.

Now I actually used more vaccum to get this
number than would be used in the cell.

And then we tonk another negative electrode,
evacuated it first, and we find that we strike up much
more electrolyte.

Well, I took an average between these numbers
and compared it to that and did a calculation, and I come
up with 10.5 CCs, due to the way it was impregnated with
electrolyte, and then I wondered, gee, wlere are the
other two and a half CCs, and I remembered I precharged
these cells about 6 ampere hours,

So with the 6 ampere hour precharge, if you remember

some earlier numbers that we had up there, the electrolyte

volume or void space would be increased another 2 milliliters

by the 6 ampere hours of precharge.

So, even moving this way, with such preliminary
data, it kind of confirms that now there are three ways
in which we are coming to the same number, about 13
milliliters of air entrapped.

What was the other question, Bob?
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STEINHAUER: Corvrosion mechanism.

SEIGER: The corrosion mechanisw was the part
that I had left out of this presentation to keep it down
to a half hour, and I happen to have three slides and 1
think I would need about another 10 or 15 minutes.

HENNIGAN: Okay, do you want to make it 10.

SEIGER: I have three slides, three more
viewgraphs. Let me get them.

First, we know that there has to be some kind
of corrosion that occurs in the cell, because we see it
becoming klack.

Now, let's explain the corrosion. So we are
really working here with what is known in logic as a
method of reductio ad absurdum, in which we are going to assume
there there is corrosion going on, and let's substantiate it.

Okay. We take nickel, and this is a very
unlikely mechanism for it to occur, in replacing hydrogen,
we do not get such a displacement reaction. Thermodynamics
says it doesn't, but we will continue anyway, because
after we get this nickelous hydroxide, we charge it up
and we {ind that we need cadmium to charge it, and we wind
up with hydrogen form, with, let's assume, one ampere hour
of nickel hydroxide, that we can now measure, which would
be an increase of capacity.

And we wind up with more ~- with four ampere
hours of cadmium and our comment is that this mechanism
requires one ampere hour negative charge for one ampere
hour increase to the corrosion, and, this hydrogen.

Okay, now so we have a set task. What do we
do with the hydrogen, if such a thing comes on?

So we assume again 82 milliliters of gas void
volume, that is 150 psi, we would know that. Gas leak
rate, I can't think of any particular meghanism for it
to come out. I would have to relate it to the helium leak
rate, and it would be 1.4 times the helium leak rate,
which is negligible, and therefore, the hydrogen is still
negligible.

Okay. How else can we get rid of hydrogen in
the cell? Let it reduce to cadmium. But if we reduce
cadmium and then add this reaction to that ore, we come
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up with an overall that says 3 ampere hour increase in the

negative state of charge for each ampere hour increase in the

positive.

Now, if we do the same with the nickel oxide
reduction, we wind up with again, with this, which may be
occurring at a slow rate, reported something on this
nickel hydrogen that indicated that this reaction is
probably going on, that there is a self-discharge in the
system, and if this is going on, then we can consume
hydrogen,and hcre is our overall reaction.

(Slide 19.)

And again we note that there is a 3 aapere
hour increase in the negative state of charge for each
ampere hour increase in the positive capacity.

Let's remember that and go on to our next
mechanism for corrosion.

(slide 20.)

And this is the one that I prefer. I think
this is the one that is responsible for the blackening
of the tabs. in which you are electrolytically oxidizing
nickel di- ::ly up to the nickel hydroxide free electron
change, and the cadmium has to go along. That is the source
of the electron for it to go on, and we wind up again
with the net reaction that says that there is a 3 ampere
hour increase in the negative state of charge for each
ampere hour increase in the positive capacity, so now
we have a beautiful test for corrosion.

Either we are going to have hydrogen in the cell,
and we know that we don't, so we can rule that out, or we
are going to have, to find that the precharge in the
negative has increased 3 ampere hours for each ampere hour
increase in the positive electrode, and with that kind of
information, we can go into the literature again and see
what kind of data have been reported, and I go to a report
with TRW back in 1969, in which, during an experiment,

6 cells were destroyed before and after a cycling regime,
and it was during the cycling regime that the capacity of
the cells increased.

May I have the last slide, please?

(slide 21.)
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In the uppex part of the slide, we show the
capacity of the positive by the bar graph, and the
hatch means it is charged.

The capacity of the negative is shown by the
adjacent bar graph. The state of charge of the negative
electrode is indicated by the cross-hatching, and these
are the results for 6 cells, each one destroyed.

It shows the uniform capacity on the positive.
It shows the kind of precharge on each of the negatives,
and then the cells were cycled through 72 cycles, 1 believe,
they were that type of cycling, and afterwards, another cell
from each of those six groups was destroyed, and the same
kind of data obtained, in which we now show the capacity
of the positives the same way, but you can see that there
is a definite increase of capacity in the positive
electrodes.

And the precharge, if you look, remains pretty
much the same. A more quantitative look at such data
shows that there is, indeed, a one to one relationship,
that when the positive electrodes increased in this
experiment by one ampere hour, the negative state of charge
increased one ampere hour, which is not consistent with
the corrosien mechanism.

So I reject the corrosion mechanism based on
this evidence.

HENNIGAN: Do we have any more further gquestions
of Harvey. Maybe towards the end of the session this
morning we can have any other questions you come up; we will
save a little time for questions then, that you could ask
any of the speakers.

We have one here. Aaron Fisher.

FISHER: Fisher, Goddard.

I noticed before you answered a question that
you have entrapment even after vaccum £fill, so what is the
preferred method now to avoid entrapment?

SEIGER: That is like askinog me how I do it.

(Laughter.)

There is a way of getting it out.




e b B N
>
N

o

e

' e

43

FISHER: OKay.

VOICE: Tom, I think since the coffea has been
here for a while, we should go ahead and take a break.

HENNIGAN: Yes, okay. I was just going to
mention,too, that we are going to eat lunch late today,
1:00 o'clock, because of the several other mcetings that

are going on here.
(Recess.)

HALPERT: Gentlemen, could we please take our
seats.

If you are planning to speak, either this
afternoon or tomorrow inorning in Floyd's session, this
afternoon in my session cr tomorrow in Floyd's, would y.1
please make sure that you chat with us sometime during the
day, and we have some three by five cards we would like
you to f£ill out with your name and title, so we make sure
we include you., So, please, sometime during the day, see
either one of us and tell us about your slide requirements,
if there are any.

At this time, before we continue with the
separator section, Floyd Ford of Goddard has made up a
survey, which discusses both the battery spec, one survey
for the battery spec and one for storage, and he is going
to briefly describe them, they are being handed out at
this time, and we would like to have them filled out
sometime today and returned, so that we can tabulate them
and present them for your own interest tomorrow morning.

At this.point I will turn it over to Floyd
Pord, who will describe the two surveys.

FORD: Well, this year we decided wa would
try something a little bit different. It is always ni-e
to have a little variety in any meeting, and we are t.ying
to feel out you, as the manufacturers, you, as the yger,
what you think about some of the problems that we are now
involved with,

There are two areas that we are distributing
the survey, one is on storage, and we are trying to
determine experience, the various experiences in the
industry, with the storage of cells.
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Now I realize that there are many, many
questions that we all have, but we couldn't possibly put
these down on a single survey.

There are those that may feel like they don't
have the experience to fill this out or would not care
to fill it out, then feel free not to do so.

I will point out we have not asked for names,
of individuals or the company that you work for, because
we really don't feel like that is important in the
information we are looking for. liowever, if you care to
put your name on it, or your company, that is your
choice, and we would appreciate it if you do, but there
is no obligation to do so.

Particularly in the area of specifications,
we are currently revising the Goddard version of the interim
nodel spec that came out a few years ago, that
actually evolved form this type of meeting.

I would like serious critiques, serious
comments, and good suggestions from vou, because I can
assure you that the inputs we get on this document, pro
or con, will be given every consideration in the final
revision of this specification.

So I will state particularly to t'.¢ manufactuers,
here is a chance to get back at us, so let us have it.

Thank you.

HALPERT: Okay. Thank you, Floyd, and we will
turn the meeting now back to Tom.

One suggestion please, for the speakers, wear
this microphone around your neck and try and speak into
it rather than avay from it. We have had some problems
with the amplification system, and I think it has been
adjusted properly now.

HENNIGAN: Our next two speakers this morning
will be from battery companies, Eagle-Picher and General
Flectric, who would like to go over some of their data
on semrators and what types of sepParators they are
looking at.

Our first speak is Earl Carr,of Eagle~-Picher.

Is Earl here?
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CARR: Tom asked me to say in five minutes about
the types of cells that we are building, with different
separators, so I just want to give a brief history of, let's
say, nylon versus polypropylene.

We started out with looking at cells with non-
woven polypropylene approximately ten years ago, and a
few years before that we started working with the nonwoven
nylon separators.

The first cells that we built with polypropylene
were for a designed experiment and an 8 ampere hour sealed
cell.

In general, the conclusions of this designed
experiment were that we had more recombination capability with
the polypropylene, slightly lower capacity, but improved
charge retention.

A couple of years following that, we designed a
line of six different sealed cells from three and a half
to 36 ampere hours, in which we used a two-layer separator
design.

This is somewhat unique, I think, and what the
thinking was at the time was that we would use the poly-
propylene for its particular characteristics, in other
words, oxidation resistance and its long~life type
characteristics, and we would use the nylon because of
its absorption.

We built these cells and we put them through an
extensive series of electrical and environmental tests and
also we did over 1000 cycles at 60 percent depth of discharge.

The data,in summary,was that after 1000 cycles,
we measured full capacity on the cell, and we had over
90 percent of its initial capacity to one volt.

Now, then, the rest of the capacity was probably
there, but it was below one volt.

More recently, we provided cells for the work
that Tom Hennigun has reported on this morning, and I would
like to show Table 1.

(siide 22,)

You have seen this once before, so I won't really
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elaborc'c on it, but this lists the different sep.rators
that were used in the 6 ampere hour cells and other
treatments that they were given.

These are the cells that were cycled for 6000 cycles

and subjected to the post morten analyses as reportcd by
Tom Hennigan and Dr. Fisher.

Now we are also under contract through NASA-
Goddard to supply a second series of 6 ampere hour
separator test cells. And the separators that have been
tentatively selected for these cells are shown in the
next slide.

(Slide 23.)

I will spend a little bit more time here because
the selection of these separators is based, in part, on
the results of the first program.

The 2505 pelon has been included, necessarily,
as a control. We felt also that another nylon would be
advantageous to the program, so we have a W. R. Grace
material, 2 ounce per square yard material.

1~ the nonwoven polypropylenes, there is

Why don't you slide that all the way up, Tom.

: Okay. We have for the Hercules, we have two
different weights. We have a 2 ounce per square yard, --
and let's see, I think I missed one there -- also the

one and a half ounce per square yard is also to be
included in the project.

I am sorry, there is a mistake on the elide,
and that number should be 56, I believe.

Okay .

The two materials to be tested on the Hercules
are the 2711-55 and 56, with no treatment, and with
a radiated treatment per RAI, to improve the
wettability. ’

On Kendall, we tentatively included XM-1249. On
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W. R. Grace, there are three varieities. This is the one
and a half ounce per square yard, and the one ounce per
square yard of material. One radiated -- or, each of
those radiated and the hexvier material, with a wetting
agent added to the material, or to the cell, actually.

Then we include the GAF material, using Hercules
90 as a wetting agent, and then the material designated
P4212-S, which is a radiated WEX 1242.

Now, in sua:.ry, the reason for the selection of
these materials is because it appears beneficial to have
a permanent wetting capability for the separators. It has
been somewhat concluded that it is advantageous for long
life and for ninimum cadmium penetration through separators
to have a separator with a high wetting capability.

That is all for that, Tom.

In addition to the 6 ampere hour programs,we
are conducting other programs and I want to specifically
mention the large cell work that we are doing.

We are conducting separator evaluation testing
on 50 ampere hour nickel cadmium cells. These cells are
very similar to those used in Air Force classified
satellites which are currently in orbit.

Mr. Marty Gandell of Lockheed presented a talk
last year at this workshop. in which he summarized the
results to date of an accelerated test program using four
different separators on 50 ampere hour cells.

Briefly, these cells, there were four types,
there were two nylons, and there were two polypropylenes,
included. The two nylons were 2505 and 2506. Both used
to be designated ML.

And we also have the two polypropylenes, which
are WEX 1242 and FT 2140.

The cell thinckness was varied to obtain the same
electrode spacing. It turns out that the 2506 thickness
and the FT-2140 thickness are essentially the same, but
they are different from 2505 and from WEX 1242, which are
thicker materials. These last two are about the e
thickness.
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So the cells then are essentially two sizes,

; the only difference being the thickness of the cell, and

these have been subjected to many cycles in an orbit simulation
accelerated test. ‘

§ ( The test was accelerated by performing a 45-minute
g orbit instead of a 90-minute orbit, and thus doubling the
rates of c¢!arge and discharge in order to obtain more

cycles in a shorter period of time.

The test is being conducted at 40 to 50 degrees F.,
- and at this time we have completed 13,000 cycles on these

: cells, at an 11 percent depth of discharge, and the tests

are continuing.

(slide 24.)

The next slide shows a second generation of
O} cells of this type. )

3
?‘? These cells -- these separators are being
evaluated in 50 ampere hour cells and some of them are
also being evaluated in 110 ampere hour cells.

(:> Briefly, I think most of you are familiar with
the different separators. I don't really have any special
words regarding these. The tests are in process. Right
now we are in the early stages. They have not been placed
on cycle yet. Certain of these will be placed on cycle !
to obtain further data. !

i I would just like to say in closing that it is
very difficult to select a separator for cells. The first 3
; thing is that you can determine that it will work in the ;
o cell rather early, and that, in fact, the resistance of
the cell is a pretty good measurement on a new cell, whether
or not it is going to work new.

Dr. Fisher pointed out that there was a change
of internal resistance of the cells. I seem to remember :
numbers like from three to ten milliohms, something like 5
that, during 6000 cycles that he presented earlier. [

The resistance does appear to be significant
measure of whether or not it is a workable system and then
once you have that, then, of course, the next thing to do is
to cycle test them,

We have not come up with a better means as of this
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date to say that it is going to work for three or five years,

than to test it for three to five years.

We have not yet accomplished the accelerated
test that was requested this morning in our introductory
remarks.

HENNIGAN: Are there any questions for Earl
Carr?

Will Scott.

SCOTT: Scott, from TRW.

Could you tell us how much electrolyte, based
on cell capacity, was in these different 50 ampere hour
cells, the four, especially the four types that you gave
us the data on a little earlier?

CARR: Yes.

I don't remember exactly the number. It is in
the neighborhood of three and a half ampere hours --

3.5 CCs per ampere hour. It is not any more than 3.5 CCs
per ampere hour.

SCOTT: Are you saying then that you use the

same ratio in the polypropylene cells as you did in the
nylon cells?

CARR: I don't know. I don't remember.

HENNIGAN: Are there any more questions for Earl
Carr?

(Discussion off the record.)
HENNIGAN: Thank you very much, Earl.

Then our next speaker will be Guy Rampell, from
General Electric, on some of the separators that they are
evaluating.

RAMPELL: We have started an evaluation of
some polypropylene separators.

(Slide 25.)

As shown on the first slide, we are looking at
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two Hercules separators of different weights, primarily,
and two Grace materials.

I want to point out, though, that the Grace
materials were made at Esso and those samples are
limited. They do not represent production available
material.

The materials for the KOH absorption column
were done by vacuum impregnation, irrespective of whether
or not the material had wetting properties. '

In the case of polypropylenes, we used vacuum
impregnation. We feel that this gives us a more accurate
percentage of absorption,

The technique beyond that is to rub off the
last remaining drops onto a plastic plate and the results
seenm pretty reproducible for like samples, by the
technique, providing, I guess, if you use vacuum, The
weight is done by actual measurement and has no bearing
on the claim weight, except, I will say one thing, perhaps
the figures might be closer to what is represented by the
manufacturer, if you condition the fiber first by drying
out for 24 hours o:r something of that sort. We didn't
do that.

The thickness is given and is slightly under
a little bit more compression than you can get on a caddy
gauge.

I would like to point out that the KOH
absorption is influenced by type of wetting agents, by
fiber diameter, by fiber density, and so it is pretty
relative to those conditions, and has to be taken into
account when you evaluate separators, just exactly what
are the additives in or on the fibers, and the percentage
of additives and contaminants.

Aside from the electrolyte distribution
mechanism that we heard about this morning, I would like
to point out another phenomena that is a well-known .
phenomena, but I would like to bring it to our attention,
and that is that there is electrolyte movement with every
cycle.

At the end of every charge, for example, the
electrolyte moves into the separator system in greater
quantities than at other times during the cycle, and

depending upon the interelectrode distances, the

m
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compression on the separator, and the KOil absorption of
the separator at this particular time, say cycle 0 to 50,
the scparator may or may not hold all of the electrolyte
that comes out of the electrodes at the end of charge.

If it does not hold it, it will go into the free volume
spales in the cell, and this can be a problem with scme
of the lower absorption separators.

And, also, the KONl absorption units given there
can change as life progresses., The additives may or may
not be subject to movement, the solubility in the KOH
may change, they may be oxidized to some extent by the
positive plate in the oxygen atmosphere, so those things
have to be taken into account, particularly electrolyte
movement and supersaturation.

The fiber diameter and the density and the
electrolyte movement all have some effect on just where
the cadmium migration is going to stay. You are going
to get cadmium migration but we are trying to restrict
it to the cadmium side of the electrode.

In general, the microdiameter fibers seem to
be a better filter in that regard.

I think we can go to the next slide, now.
(slide 26.)

This is cycling of those four separators in
an 8-hour orbit. We call it an accelerated bype of
cycling from the standpoint of the case temperature that
we are running it at. We are running it at 30 degrees
centigrade and 70 percent depth of discharge, a six-hour
charge, two-hour discharge.

The end of discharge voltage is given on the
vertical axis, and if you raise it just a little bit, Tom,
we have the number of cycles to date.

There aren't very many cycles. The test has
really just commenced in the last two or three months,
and, we are not drawing any conclusions from the test
at this particular time, because, for one thing, there may
be crossovers on the various separators later on, and we
certainly expect some plateauing, also, and then we will
look at the various parameters and failure mechanisms and
degree of cadmium migration by analyzing the separator,
the amount of KOH retention.
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GAF 113.4 243% 1.97 9.1
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Right at the moment, GAF seems to be producing
a slightly higher voltage with the Hercules separator,
right close to it, the Grace materials are somewhat down
at the moment.

it

i The cells are 6 amp hour cells, and, as I say,

l ( we are really trying to accelerate what we know about
cadmium migration, and that is to run it a high temperature,
with high DODs.

! 500 of these kind of cycles would be equivalent
; to, I would say, three to four thousand cycles at 25 percent
DOD in a 90-minute orbit, in our opinion,

I think that. is about it, Tom., b
HENNIGAN: Thank you, Guy.

Any questions for Guy Rampei ?
Question back there.

Steve Gaston, did you haveone? Okay.

(;) GASTON: Guy, did you have any wetting agents in
thos polypropylenes? If so, what types were they or did

you make an attempt to wash them out? It wasn't too clear -
to me. '

RAMPEL': Steve, those fibers were as received
and so that in the case of GAF, we are told with Hercules
90, some other people have told us they have analyzed it
and found it to be some Triton 100, so I really don't

I guess I want to say that in the case of Hercules,
there is a wetting agent on that fiber also, and the Grace
3, I have been told has a wetting agent incorporated
in the resin at the time it is blown.

The 48, I believe has no wetting agent.
(. HENNIGAN: Bob Steinhauer.

STEINHAUER: Are you running -- I recognize this
is a high temperature test, but are you running nylon
controls along with this to show where that data would fall?

RAMPELL: No, I don't have any control, Bob,
of nylon. I was running GAF as a control.
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STEINHAUER: The reason I bring that up is
that we collectively think we know the properties of
nylon, but when it comes to justifying flight use of
polypropylene, it is very valiable to have a point of nylon,
even though it is degradiag,to show it and run it as a
control. It helps on these justifications.

RAMPEL : I think your point is well taken. I
just didn't want to run the risk in this series connection,
I am running these cells as a battery and I didn't expect
the nylon to last very long.

HENNIGAN: Joe ?
LACKNER: Lackner, Canadian Defense Research.

There seems to be some mention by previous
speakers of a correlation between cadmium migratior and
the separator. Have you found any correlation between
the drawing out for’ the cadmium migration as a function
of the separator, or is it a function of the plate, and
how the plate was made, and is there any way of retarding
the cadmium migration?

RAMPEL : Yes, I would respond to your latter .
request for retarding cadmium migration. Last year, NASA- .
Goddard had a paper showing that teflonated negatives would
retard cadmium migration to very, very significant extents,
but I guess that your real question here today is the ’.
influence of the separator on cadmium migration or possibly
the makeup of the plate. |

I think that cadmium migration can be influenced
by the separator to the extent to which this flow of
alectrolyte you get between the end of charge and discharge,
the temperature that you are using promotes migration. The
depth of discharge promotes migration and the amount of
electrolyte itself, that the cadimium can dissolve into,
and the degree of movement inside or outside the separator,
all has an effect on the cadmium migration.

HENNIGAN: Vince.

(Inaudible.)

D'AGOSTINO: The reason I bring this up is we have
looked at a number of polypropylenes and we found that they
had the same absorption when they were prewashed or wheh they -
were not. However, any separator that you wash with S
methylene choloride, would have essentially zero wicking A
characteristics. I odn't know the effect of that on batteries.
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. RAMPEL : Ve did not do any wicking
experiments, primarily because in aerospace cells, we
rely on vacuum impregnation to wet the separator, and we
really don't care if it takes all dav for the separator
to wet or not, so long as we can wet it immediately with
vacuum impregnation.

VOICE: The only point I am trying to make is
that if you see a transport of electrolyte in your cell,
and that is essentially washing out some of your wetting

agent, it could, on a long term, make rewetting of the
; gseparator itself rather difficnle.

RAMPEL : Right.

HENNIGAN: Joel Bacher.
BACHER: Bacher, RCA.

Do you have any specific effects to which
you attribute the difference in voltage levels to the
different separators?

- RAMPELL: I didn't take the resistance of the
(_) separators, Joel, and I think the other reason though is
that with these different separators, we try to, there
may not be enough electrolyte in some of the cells.
That's a possibility, to begin with,

HENNIGAN: That is all the questions, okay, "
thank you, Guy.

Joel, I would like to answer your question
there, on the tests that '’e ran. All those cells decay
in voltage, I don't care whether you are using nylon or
polypropylene. 1t is the usual thing, when we make
capacity checke about every three months, we bring them
back up again, and so no matter whet material we have in
there, or how much electrolyte, they all did the same thing in
that respec:, at least for the first 4500 cycles, then we
: had troubles with some of the cells.

; ( They were all about the same magnitude, too, :
that was kind of strange. L

; I showed some of that data last year, and I
didn't have the time this year to go over it again,

Let's see, our next speaker is from TRW, Dr.

-
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Willard Scott, who has a few words on separators also.

SCOTT: Before talking about what I basically
have to say, which is some of our recent expersience w.:h
polypropylene separators, I would like to make a few
comments on some of the discussions that have fone on
previously. I have saved up a few here, to let you have
it all at once, while I was up here now.

First of all, regarding the results that Tom
presented, I believe I am correct when I am saying that
in general), probably all the cells that were tested that
had polypropylene separatcrs in them, started out with a
significantly lower volume of clectrolyte in the cells
than did the cells with nylon separators. I may be wrong,
but I belizve that is correct.

So, that if there is a r- listribution problem,
such as Harvey has proposed, it seec.s to me that the cells
with -- such cells with polyp:ropylene separators, start
out with two strikes against them, as oprosed to one or
a half a strike with the hylon separator.

So I think that factor has to be considered
in evaluating the results that “om presented to you.

One other point, regarding those results,
also, as Bob Steinhauer peinted cut, one has to look at
the results a little bit criticaliy, as they may or may
aot apply to applications in synchronous equatorial ovbit.

I believe it is true that if you look at the
trends of the data, say, vithin the first one or two
thousand cycles, rather than just focusing on 60C0 cycles, x
you see relatively little change in the characteristics
of the cells since they were new, and this may suggest
that the problems that you may encounter; if you try to
use polypropylene separators, in a synchronous equatorial
orbit, with much fewer cycles to contend with, may be
much less than might be suggested by the data for 6000
cycles, as applicable to the lower earth orbit.

It is true, of course, that normally one uscs a
much higher depth of discharge in a synchronous orbit
application, because you can get away with the lary.r depth
because of the fewer number of cycles, and it is probably
true that the problems of electrolyte and of drying becom
more severe as you increase the depth of discharge. [




55

56

So you can't just simply equate cycles for cycles
for 25 percent depth versus 60 or more so percent depth.

T don't know what the equation is relating these
two depths of discharge, as far as electrolyte problems
are concerned, but I just wanted to point out that it is
possible that the problem of applying polypropylene
separators at the present state of thLe art to a synchronous
orbit may be, where, scy you have a, let's say, five to seven
hundred cycle maximum requirement, maybe in order of
magnitude simpler *o solve than those for a five-year low
earth orbit, where you may have twenty to twenty-five
thousand cycles.

The comment on the piece of data that was shown
for the wettability of polypropylenes after extraction, after
cycling, where it indicated that they were extremely
nonwettable, this is, of course, very interesting, and a
little bit puzzling, because that characteristic, at least,
those figures do not appear to correlate with the performance
of the cells containing those separators.

I would not necessarily expect a direct
relationship; however, if, indeed, the wettability as
measured by that technique, if the cell responds in the
same way at all to that kind of wettability number, you
would axpect the cells to have been out of commission long
since.

So there is probably -- of course, many different
factors are involved in an actual cell, not the least of
which one would be the fact that you have, of course, the
separators in intimate contact with the plates, which do
retain the electrolyte and there is obviously an inter-
change between the electrolyte and the pores of the plates
and the contacting separator material, and you must --
obviously there must be a transfer of electrolyte into the
separator, or an eXchange there that is not reflected by
the measurements that we have seen this morning.

Now, one more comment on Harvey Seiger's
presentation: In my view, the potential, or the impact
of the type of electrolyte redistribution that he has
proposeJd, could be extremely large, as far as I am concerned.

One of the questions it raisez in my mind is
whether we are using the proper criteria for deciding how
much electrolyte to put in the cell at all these days,
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because if, indeed, there is a -- if redistribution begins,
which it does, as soon as the cell begins to cycle, and one
judges that he has the right amount of electrolyte by the
performance of the cell at that point in time, it is
obvious that that performance characteristic is going to
change rapidly with cycling, and pretty soon you are not
going to have the same performance, and so you are not
going to have the same criteria that you can apply for
whether you have enougih or nct enough electrolyte.

So that I submit that we should take a look
at the whole procedure for deciding when you have enough
or not enough electrolyte in a cell, and correlate this
with trying to decide whether or not the electrolyte has
reached some level of, well, let's say equilibrium, in
terms of its redistribution into the plates.

I am particularly concerned that in connection
again with polypropylene separators, that is where I
guess the biggest rub now appears to be, that because of
the particular characteristics of polypropylene, it is
very -- it seems to be very easv right now to come up
with a poor cell design based on the existing approach
to setting the amount of electrolyte in a cell, which has
been based primarily on the performance with nylon
separators.

Now it is obvious that therz a number of
quantitative and qualitative differences in the interaction
between the plates, separators and the electrolyte, whether
or not you use nylon, and whether you use polypropylene.

And I think this situation needs to receive
some careful attention.

Now, with that, then I just wanted to describe
briefly what we have been doing with polypropylene, in
approximately the past year.

It breaks down into two things. We have going
at TRW a development program for the Air Force for
developing and testing a long-life battery for synchronous
equatorial orbit applications, and the intended target
lifetime is seven years in orbit, which means something
like at least a nine-year total useful cell life, including
the usual amount of ground handling and testing that goes
on, plus the fact that the Air Force would like to be able
to store these batteries for 18 months after the battery is
completed on the ground, prior to flight.
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So, adding all this up, you can stretch this
into a total of about a 10-year, actually, a l0-year,
approximately, useful life, throughout -- well, from
ground testing to the end of its orbital 1life.

We have selected a 50 ampere hour cell for the
present development phase to manufacture a one kilowatt
level battery for synchronous orbit applications,

At the present time, during this last year, we
have received 36 50-ampere hour cells, and these are
currently on tests.

The separator that we sclected was the GAF/
WEX 1242 for these cells.

The reasons for our selection are a little bit
complicated. They are partially technical, and partially
nontechnicai, as often turns out.

The technical reasons involved some comparative
tests between that separator and several others that were
commercially available.

The point of commercial availability is that
even though this is a development program, the intended
use ,eriod is not too far away, and we were constrained
to select separators that we felt reasonably confident
could be produced reliably and uniformly, and in quantity,
within the next few years.

Now that reduced the number of possibilities
considerably.

So based on comparative tests that -- some of
which were performed at General Electric, and others from
other data, much of it you have seen today, and some of
which you saw last year at this conference, mixed all up
together, the answer came out GAF/WEX 1242,

We do not necessarily intend to build all the
cells on this program with the same separator; however,
we do intend to build enough cells to build three
batteries, which will be put. onto life test under this
current program,

The additional cells then may be purchased with
other sep-~rators for comparative testing.
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For these 36 cells, w2 do not have a lot of
life test data on to date. They were received in April
of this year, and they are -- as weill be described in
an interim annual report on this project, which is due
out soon -- we have built one 24-cell battery and it is cur-
rently on a synchronous orbit real time life test.

We have completed a simulated ~- one simulated
eclipse season of 45 cyclies of varying depth of
discharge, upto a maximum discharge of 43 ampere hours in
that cell.

We are purposely pushing the high end of the
depth of discharge scale, and this is one of the more
developmental aspects of our program.

All of the cells in the battery are performing
uniformly at this time. The battery is currently on
continuous trickle charge, where it will remain for another
several months before we have some additional cycling,
when the next simulated eclipse season comes around.

I will comment on the characteristics of the
group. It was originally felt by the manufacturer that
the use of -~ first of all, let me say that we had
purchased,approximately two eyars ago, about 20 50-ampere
hour cells of a general physical design very close to the
present design, but using pelon 2505 nylon separator
material.

These cells have been around and been off and
on tests most of that period ~f time, and it would be
very -- it is very difficult summarize that test
history, but a summary of it w !1 appear in the Interim
Report, which I mentioned.

Generally speaking, we had 12 of these cells
in a breadboard battery, that has experienced a total
of approximately 330 cycles before we shut down that
particular test. Most of the cycles nad been at a depth
of discharge of between 40 and 45 ampere hours in thas
50-ampere hour rated cell,

At the end of about 330 cycles, the capacity in
the cells was -~ the total capacity at 25 amperes to one
volt >f these cells was a little over 60 ampere hours.

The initial capacity of those cells two years
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earlier was, averaged 62 ampere hours, under the same
conditions.

So, that sort of gives you a bird's eye baseline
as to how, at least the basic cell, with nylon, at least,
can perform,

Slaa i
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Now with the current lot of cells that I
mentioned with polypropylene separators, they were built
with -- as close to the same design of plate materials,
; same loading, and other factors, as we knew how to get,

-

and it was originally felt by the manufacturer that because
of the use of polypropylene, that the capacity of these
cells would not be as great as the capacity of the cells
with the nylon separator.

As a matter of fact, the average capacity,
neasured under the same conditions, of these more recent
B cells, was 65 ampere hours, and the voltage characteristics
6‘?: were not significantly different than the same cell with
F
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the nylon separator that ve had been testing previously.

So I might say this is, as I say, this is at a
( ‘ 25 ampere hour, 25 ampere discharge rate. There is sone
evidence that at much higher discharge rates, you can -
see a significant difference in the voltage between nylon '
and polypropylene separators, but we did not see it
significantly at 25 amperes in these cells.

The other thing I would like to say is that

- in addition to the 50 ampere hour cells, we have had a
small number of 20 ampere hour cells that have accumulated
a considerably greater cycle life,

We have six 20-ampere hour cells, which admittedly
is not a big sample, but it is something. All have poly-
propylene separators. Three have the older pelon FT-2140
separator material, and three have WEX-1242?

These cells have completed approximately 700

; . cycles on an 8-hour cycle basis, with a depth of discharge
that has varied from time to time between 15 and 18 ampere

(f} hours in a 72~minute discharge period.

Five out of those cells, at this point in time,
3 have end of discharge voltages above one volt. There is L.
f one cell that is slightly below one volt, at th. end of i
! discharge, at this time.

eaew W | N -
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Interestingly enough, all three cells with
FT-2140 are above 1.1 volts at this point in time, end of
discharge voltage. The one cell that is below one volt
has the WEX-1242 and so whether or not this is a -~ °
signifizant difference, I don't really know yet. I
suspect that from the appearnce of the voltage characteristic
that we could be -- we could have an electrolyte problem
here, because there is a varying quantity of electrolyte
in these cells.

I want to say one -- I want to mention final
aspect, and that is -- well, two things, if you will
pernit ne,

One is that bared on the performance -- all

of our 50-ampere hour cells have oxygen signal electrodes.
Based on the performance of these electrodes in the cells
with nylon separators, we started testing the new cells with
polypropylene, using the same type of electrode and the

same load resistor and,lo and behold, the signal levels
were very much lower right off the bat, with a brand new
cell than we saw -- ever saw in the nylon cells.

One correlating measurement, although I don't
know what the exact relationship is yet, is that the
impedance between the signal electrode and the negative
electrode in these cells, measured at 60 cycles AC,
was roughly 20 times that measured for nylon cell under
a variety of conditions.

Also, by increasing the load resistor, from
sorething like 50 to 100 ohms, on up toward 1000 ohms, we
could generate a signal comparable to that that we were
getting at 100 ohms out of a cell with nylon separators.

I don't understand exactly all that is happening
here, but I believe that there is some significant
differences in the behavior of an oxygen signal electrode,
depending upon whether you put it into a cell with a nylon
separator or into one with polypropylene.

Now, we may be in the same problem area again
in terms of electrolyte distribution, as I have mentioned
before. I am not sure yet.

However, I do believe that here, again, one must
should be aware that the design of A cell with an oxygen
sgnal electrode with polypropylene separators should be
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done with a somewhat different approach and more information
in mind than is available presently from experience with
nylon separators.

One last, and possibly the most interesting
coment, I would like to make, with regard to the use of
polypropylene, under certain aspects and during certain
periods of charging of the cells with oxygen signal
electrodes and polypropylene separators, we got some very
strange oxvgen signal output characteristics.

I couldn't begin to really summarize them in
graphical form, so I chose - -- I am choosing to be
qgualitative at this point, until we have a chance to
analyze the data further.

But, basically, during certain portions of
the charging cycle, the singal would drop precipitously,
and in some cases, it was essentially zero for a certain
period of time, and then near the end of charge, it would
suddenly take off again, and assume a ~-- well,let's say
a normal level, which, for that particular electrode, was
still, of course, much lower than we had seen previously
with nylon separators.,

Eventually what happened was that we looked
into what was really happening, and one of the devices
that we used was a laboratory cell case thal we had been
using for other purposes at TRW, which -- in which we could
put transparent plastic faces on the sides of the cell,
so that we could look into the cell to see if we could see
what was happening inside, if that would be of any benefit.

And the one viewgraph I have shows a photograph
of the cell.

(slide 27.)

I don't think we need to show the top there,
Tom, the bottom half is what I wanted to show.

This is a take-apart cell case, cell design
that we have been working with for a couple of years now,
that consists of a polypropylene body, all around here,
and there is just a series of holes around the outside
through which screws may pass. This is an O ring all
around here to make the seal, and of course, the various
fittings on the top; a gland over here, which we can take
out as many as four leads through a sealed compression teflcn
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bushing.

And the photograph -- the particular photograph
you see here is one in wi.ich we have put two quarter-inch
lucite plates, one on each side, and clamped it down to
form the cell,

We can put stainless steel plates, either one
side or both sides, when we wish to keep the cell cool,
we have to use a metal plate on at least one side or else
the cell gets too warm because of the very low heat
conductivity of the plastic.

So, well, you can see, these are the plates
and the white material here is the separator, and this
is just a polyethylene plastic bag that we use to wrap
around the entire pack.

Well, using this type of cell, with the same
separator system and the smae degree of interelectrode
spacing and all of that that exists in the 50-ampere hour
cell, we started charging this cell, watching what was
going on, and, lo and behold, about halfway through
charging, electrolyte comes pouring out of the pack and
starts filling up the cell.

Now, one other factor that I guess I failed
to mention, the location of the oxygen signal electrode
in the 50-amp,36~50 ampere hour cells that I discussed,
was over here along one of these edges, squeezed up
against the pack, with appropriate shimming.

What we saw going on then was that a certain
point in .charging, the electrolyte would come out of the
pack, rise up here and complete submerge the electrode,
and it was at that point where the oxygen signal decreased
markedly and it was obvious that what was happening was
we were flooding ovt the electrolyte and the oxygen was
unable to diffuse rapidly through the liquid layer, and
so that was what was happening.

Well, then we began asking ourselves which we
would rather have, an unreliable oxygen signal, or that
much electrolyte i:. the cell, and it was apparent, our
decision was that we did not want to further decrease the
amount of electrolyte that was put into the cell, because
we were already using considerably less in the cell than is
normal for the same cell with nylon separators.
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Also, we discovered that as you cycle the cell
more and more, the amount of electrolyte that comes out
becomes less and less, and this tends to, at least is
consistent with the picture for electrolyte displacement of
air or whatever in the pores that Harvey Seiger mentioned
earlier,

R
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At any rate, to make a long story short, what
we have had to do and actually, we are still really looking
at the problem, is to put the oxygen signal electrode back
; : over here in the large space where it is under considerably

o e 7
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different kind of restricted environment than it is over
here on the edge, and this appears to be, at least,
basically, an approach to a solution to our problem.

Attt ibine

One thing we did observe, at least with
polypropylene, is that the exact performance of the
electode is extremely snesitive to the exact degree of
compression ard the physical arrangement over here on the edge
of the pack, whereas, it does not appear to be nearly as
sensitive to those factors when you use nylon. The reason
for that, I can only surmnise right now, and I won't go 3
into that.

Y

( I just want to mention that one has to be, as :
mentioned before, considerably more cautios or more aware
of the factors which cause =-- which relate to the performance
of the oxygen signal electrode when polypropylene is used |
as the separator material. !
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That's it.
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Thank you.

HENNIGAN: Are there any questions for Dr. Scott?

N e A g 1 < T

fteve Gaston?
GASTON: Gaston, Grumman, ;

' I have two questions. One of them is what was
the test temperature of the various test programs in which
it was conducted and, the second question would be on the

( nylon-polypropylenes, were they as received or was the
wetting agent removed?

SCOTT: Yes. All of the testing that I mentioned
was done at an average cell temperature of I would say 40
degrees F. It is at that cool temperature range that we are
doing almost all of our testing.

N | -
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Second question, all of the materials that we
have used for separators, as far as I am aware, are being
used as, in the so-called "as received" condition.

HENNIGAN: Steinhauver?

STEINHAUER: Bill, you mentioned yocu tried
to keep the plate design the same between these lots of
two 50s and I don't know about the 20s, but are all of
these three lots from the same cell manufacturer?

SCOTT: Yes, they are.

STEINHAUER: Second, just a comment.

On our near earth orbit program for the Air
Force, we made a similar decision to favor the electrolyte
level in the polypropylene cell at the expense of signal
through the electrode.

FENNIGAN: Any other questions.

Joseph Lackner.

LACKNER: Lackner, DRB Canada.

On the tests you are running, how much of an

overcharge were you putting into the cells and you said that

with the cycling, the amount of electrolyte that ca : out
decrecased. Was there any way of getting that electrolyte
to come back to the normal amount, or is this going to
decrease the dryness?

SCOTT: For the testing on the 20 ampere hour
cells, the overcharge-recharge ratio varies a little bit,

depending upon variations in cell voltage and so forth, but

I would say it is averaging 20 percent, maybe it might
vary from 15 to 25 percent.

We are purposely testing under conditions where we
do not want inadwguate charging to have anything to do with

the results, if we can help it. In other words, we
purposely probably are charging them maybe somewhat more
than is absolutely necessary, because we wanted other
factors to control the performance of the cell rather than
incomplete charging.

LACKNER: Well, what would be the purpose of
the oxygen electrode, if it is not a charge control?

b
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SCOTT: No, I am sorry, there is a different
objective in that 20 ampere hour test than in the battery
test.

In the batteries, the battery design uses the
third electrode signal as -- to switch the current down
from a higher level to a lower level when adequate charge is
received. This same charge method was not used with the
20 ampere hour cell test. That was just a time based test
only.

LACKNER: On the second part of the question,
about the drying out, is there any way of getting the
electrolyte to come back to the normal, or is that just
going to dry out, too?

SCOTT: Well, now, you say drying. No, I don't
know whether it is dry or not. All I can say is that
the amount of free electrolyte that can be scen outside
of the pack decreases as cycles increcase. And in some
cases, the decrease -- it disappeared completely. In
others, it did not, so there appears to be a variable
here in terms of the number of cycles that it takes in order
to allow whatever redistribution or whatever is happening
from cell to cell,

LACKNER: It never equilibrates or it --

SCOTT: Well, you ==, now we have done something
else, we have come in later on and put some more electrolyte
into the cell, to see if it will take that up, and if you
do this often enough, you do reach a point where no further
-=- no more electrolyte.further is taken up, by the cell,
and then it is just, the situation is stable. At that
point, however, you have -- you do have. you know, essentially
a flooded cell, and it isn't really suicable for use
sealed any more, because you do generate pretty high
pressures,

HENNIGAN: Ernst Cohb, do you have a question?
COHN: Yes, Cohn, NASA Headquarters.

To go right on with what you were just discussing
now, it seems to me you have given us a method for
eliminating the problem that Harvey Seiger talked about,
namely, by cycling and by having this variable amount of
air being displaced by electrolyte, and *hen adding as
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much electrolyte as you may wish to, maybe not the full
amount that you did, mavbe something less, but in any case,
it looks like you probably don't want to seal off these
cells until you have replaced a certain amount uf
electrolyte, or added a certain amount of electrolyte,

then seal them off, and then you won't l.ave the problem of
the oxygen electrode nor the problem with drying out.

Do you think this is a good method of gettiag
more reliable, longer-lived cells?

SCOTT: Let me answer your question somewhat
in reverse.

I believe it is absolutely essential to resolve
this issue of where the electrolyte gets to and how fast
in order to have uniform cells, in order to have --
generally, in order to increase the overall reliability of
these cells.

Now, how you do it is a separate question, and
a good one, of course.

I believe, it appears tha* cycling is probably
toc long and too variable a way of doing it. AS T
mentioned, in some of these cells, it appeared that it
may take several hundred cycles to cause an appreciable
redistribution of electrolyte.

I would imagine that various vacuum filling
techniques would probably, if done properly, would vrobably
be much more quicker and maybe more practical.

FORD: Ford, NASA, Goddard.

In view of the discussion, I just v :nted to make
a corment. We have now, and I think if you view the pro-
ceedin; . of the last workshop and perhaps tue one in 1970, you
will see the word "burn in," or a refere:uce to "burn in"
period that we have discussed.

Now, this we have cbserved in electrica.
performance, and I don't think it is -- well, it appears
to be quite obvious that you are seeing something that
is probably correlatable to what we have seen in the electrical
burn-in. The point being, this particular subject has been
discussed in the past, and it is ironic trat we aro sitting
here two years later, and I am sure it gc-s back two years,
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and we are really talking about the same thing, because

I am convinced that every nickel cadmium cell that is ever
built exhibits a phenonenon that we have called “"burn-in,"
particularly when subjected to cycling.

And it is an irreversible type operation, that
you never completely return to where you started on day
one,

SCOTT: But are you saying that all of the
aspects that you are talking about of burn-in might be
associated with the electrolyte and nothing else?

FORD: No, no. Frua our viewpoint that we
have been looking primarily at the chain in the
electrical charactevristics. For instance today, to run a
set of para. .tric data on NICAD cells for low earth orbit
charge of design, the voltage limit involved, where you
are trying to come up with data to design a vultage
temperature control system, if yca subject cells to
cycling, the first month of data is totally useless in
designing that voltage limit because you don't get the
same results after one month, I am talking about low
orbit cvcling, 15, 25 percent depth. You don't see the
same results after one month that you saw in the first
couple of weeks. Wwe see as much as 30 percent change in

the overcharge characteristics of cells which were subjected

te the came condition after 30 days.
HENNIGAN: Any more?

MAURER: I would like to comment on the problem
of gas redistribution that Harvey described.

If you put a porous body into a licuid and then
pull & vacuum on the surface ¢f the liquid, jas pressure
deep within the pores of the body will equilibrate with the
capillary pressure of the liqu’d in tiic pores and therefore
you will not be able to get any more ihan a c2rtain amount
out, depanding on the pore size distribution of the
electrode, and,of courne, if you put the electrolyte in
the cell and then pull the vacuum, you have the same
situation and ag you cycle the tell eventvally, it
redistributes a. you have described, and the obvious way
around this is .o pull a vacuum on the czll first, and then
add the electrolyte, then ycu won't have this problem.

There is another phenomenon that takes place
in the cell that was described in a paper by Pritz will
a few year: ago. concerned with the mivement of cadmium
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hydroxide and cadmium in and out of a pore or along the
walls of a pore, due to the concentration cells that are

set up.

On initial charge, especiaily fast charge, the
cadnium electroce will be functioning mainly at the
surface and so the change in porosity of the electrode
will be limited to a surface layer, and I will not
speculate on how deep that might be. It will depend on
all the electrode parameters.

But, as the cell is cycled, discharged material
will move in and you will ~- the effective pore shape will :
change from a cone to a long=ar tube as material 00 and the i
pore opens up deeper down and in the paper I presented i
last year on the oxygen pressure, the effect of negative :
stracture on the oxygen pressure, I showed a curve of ;
oXx, jen prescuie versus negative loading.

As the loading coes up or the porosity comes %
down, then the pressure goes up by a drastic amount.

What really counts in the cell is not the total
eleccrolyte volume but the ratic of tne electrolyte
quantity in the negative electrode to the porosity of !
the negative electrode, and if you change the state of ;
rharge on the heavily loaded negative, then the porosity \
w1l change by a large percentaye, because the electroue
"s not very porous -n the first place., The effective
pores may be in the neighborhood of tenths of microns, .
and so a small amownt. of electrolyte will flood it, and as
you increase the state of charge, these pores open up by
many factors, not just a 5 percent or a 10 percent, based
on the state of charge.

As the pore volume increases, the amount of
electrolyte, as Harvey showed, will effectively -- the
total volume of liquid and solids will remain substantially
the same but the quantity of electrolyte in the electrode
will be a smaller frac:ion of the pore volume, and therefore,
the overcharge pressure will decrease.

Now, you can then plot a curve of oxygen foo
pressure versus state of charge that can be fairly steep {
for heavily loaded electrodes, but as you look at lightly ‘
loaded electrodes, the effect of state of charge is almost
negligible, because the frac:tion change is so much smaller.
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Now, one of the reasons that the oxygen pressure
will decrease on burn-in is a redistribution of the active
material, which increases the effective area of the negative
electrode, and also the loss of electrolyte from the stack,

as you have already described.

HENNIGAN: I think we can continue this discussion
after lunch.

(Whereupon, at 1:00 p.m., the meeting was
recessed, to reconvene at 1:45 p.m., the same day, in the

same place.)
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AFTERNOON SESSION (2:00 p.m.)

HENNIGAN: I would like to call the afternoon
session to order, please.

There were a few things that came up this morn-
ing that I thought I would comment on as far as our testing.

We had the oxygen electrode in all the cells we
tested <nd among the group of polypropylene cells the only
cell that would put out an appreciable signal for a charge
control as the one that was in the cell with the Hercules
separator, all the rest would not vork. In fact, it was
something like a 10, 20 millivolt swing.

I looked at the data for a while and I followed
it very closely during the fi-st 3000 cycles, but it was
something on the order of 100 to 150 millivolt swing which
would be good for a signal output.

The other thing, there was a statement made about
the amount of electrolyte that we put in the cells. Nylon,
which was a control, had 26; Hercules had 27; all the rest
of the polypropylene had 24.

I haven't really looked at it too close, but if
you will notice on those graphs I showed, we aren't putting
that much less in th~ polypropylene separators, but they
only have one-thiréd to one-fifth the amount of electrolyte
compared to the other materials,

On the next series of tects we will try to be more
careful on these separators that we mar not expect to work or
to be on the dry side to come up with another method of adding
electrolyte to the cells.

Now , of course, I would like to mention the purpoce
of this test was to get a separator that was comparable to
nylon but, yet, was a polypropylene. We would like to have a
material that you can fill a cell very easily and would not
have to go through a lot of cycling and so forth.

There is quite a movement in NASA to reduce the
price of spacecraft hardware. 1In the future it is going to
be ve:ry difficult to add on costs to the costs we have now
for cells. In fact, the trend is going to reduce that cost.
So, we would like to come up with procedures that are very
simple for the cell manufacturer. If we can eliminate some
or at least keep them simpl~.
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We have three more speakers this afternoon.
Mr. Stephenson, Mr, Dunlop from Comsat, and Steve Gaston
from Grumman, Mr., Stephenson, from Motorola, is the first
speaker, He is going to talk a little bit on what type of
separators they are investigating and some of the informa-
tion on their programs.

STEPHENSON: The Motorola usage of the nickel-
cadmium system is significantly different in the aerospace
industry. We are primarily concerned with small multi-
cell battery packs, usually in the order of about a half ampere
hour. However, what is of interest is, possibly, the test
procedures and the accelerated test procedures we do to
characterize these particular type cells.

Prinarily what we are concerned with is rapid
charge cells normally in the order of charge rates of less
than one hour, specifically, the 1.2C rate.

In light testing these particular type cells we
normally charge them at tho 1.2C rate to 40° Centigrade. We
use a temperature cutoff and discharge these cells at the
C rate and repeat this cycle every three hours. Now, you can
see this is a tremendously accelerated rate and the cells
never realiy have an opportunity to cool off, and normally
when these cells are cycled they run about 30 to 40 Centigrade
range.

Now, we repeat this cycle, as I said, every three
hours, 8 cycles a day, until the cell reaches 80 percent of
its rated capacity, which we designate as cell failure.

Normally, most of our vendor cells run anywhere
from 500 to 600 cycles before they reach 80 percent capacity
and usually 1000 cycles before complete cell failure, battery ‘
failure. e

We were unhappy with these cells because they cidn't
give uniform temperature and rate capabilities through all the
temperature extremes. The batteries in which cells are
normally incorporated normally run anywhere from =30 to 60°
Centigrade in normal operation in a portable communication
system,

What we attempted to do was to st~bilize the rate
capability of these cells throughout all o5 its temperature
ranges. We found that if we attempted cvo reduce the spacing
between the electrodes we could get Lettor rate d- :a, drain
data, drain rate at the lower tempe-atures. However, we were
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very concerned with, if we used a thinner type separator
what v>uld this do as far as the cycle life of these batter-
ies. So what we did, we assembled 288 cells, using a 2506
type separator, Pellon separator —-- I should mention here
that ncrmally most of our cells either use a 2505 or two
layers of a 2506 grade separator -- so we are effectively
reducing the spacing between electrodes anywhere from about
three to four-thousandths of an inch.

We started to cycle these cells. We made the
thinner separator on this acceleratad test routine that we
have. The results that we got were rather surprising and,
as yet, we haven't been able to figure out exactly why we
got the results that we did.

As I mentioned, the normal cells that we cycle,
usinc the thicker separator, have anywhere between 500 and
600 cycles to 80 percent of rated capacity. These cells,
using the thinner separator, went anywhere from 900 to 1000
cycles to 80 percent of capacity, and we are still continu-
ing the test until the cells fail completely. Out of these
cells only one cell shorted and that was after 530 cycles.

We are just now starting to investigate why the
increased life, using a thinner separator -- as you would
believe that it would be just the other way around =-- you
woulid probably have cell failure very early in life rather
than later in life.

We also investigated wetting agents at this
accelerated rate and the effects of wetting agents are very
pronounced on life. The separator that Pellon normally incor-
porates in their separator we looked at extensively and found
that after only 20 or 30 cycles the batteries reached 80 per-
cent of their rated capacity and 50 to 60 cycles complete
failure of the battery.

So, we actively excluded any type of wetting agent
in any of these batteries on the rapid charge routine and are
again building new culls and reevaluating the data that we

have, in an attempt to compare the thinner separator to the
thicker separator.

Thank you.

HENNIGAN: Are there any qu' stions for Mr,
Stephenson?

PALMER: On that last point about the wetting agent,
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I wasn't quite clear on what you were saying.
Did the thinner separators not have this wetting
agent in?
( \ STEPHENSON: Yes. We excluded any type of impuri-~

- ties in the separator itself.

PAIMER: And your work was exclusively with nylon?
STEPHENSON: Yes. Right,

PALMER: Okay. Thank you.

RUBIN: I have two questions.

In your tests where you used a thin and a thick
separator, was the actual electrode spacing different?

The second question is: did you change the quantity
of electrolyte that you put in the cells?

STEPHENSON: Yes, to both of them.

(»’ As I said, we attempted to reduce the spacing and
the entire reason for this test program was that we wanted
to reduce the spacing between the electrodes.

As far as the amount of electrolyte, that was
decreased with the thinner separator something about the order
of 2.8 to 2.9cc per ampere hour, as opposed to the 2505 which
only ran about 3.lcc per ampere hour. So it was reduced.

RUBIN: Do you use as a base of measurement the
amount of ampere hours in the cell to determine the electro-
lyte £ill?

STEPHENSON: At times we do. We use several tech-
niques to determine the actual fill level and normally an
increment type where we monitor the capacity and the pressure
of the cell and determine what the probable level would be.

(“} RUBIN: Thank you,

STEINHAUER: Did you failure analyze these cells,
whether they failed due to, say, more rapidly with thicker
electrolyte versus having the wetting agents !n ard so forth,
or was it strictly electrical performance data?

P
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STEPHENSON: You are asking me to specuiate on
why the cell failed. I purposely avoided this because we,
ourselves, don't quite understand how the cells failed.

The normal failure mechanism for these cells is,
say, three or 400 cycles on the cells with thicker separator.
You can see a gradual increase in the end of charge voltage
accompanied shortly thereafter by venting. This was also the
failure mechanism on the cells with the thinner separator.
However, it was an additional four or 500 cycles later.

CHARLIP: Did I hear you say spiral cells?

STEPHENSON: Yes. Small round cells, spiral
wound .,

CHARLIP: Could you define how you bonded or how
you joined the can. What kind of bond did it have between
the electrode and the can?

STEPHENSON: Between the electrode and the can?
You mean, how we made electrical contact?

CHARLIP: Right,
STEPHENSON: With a welded tab on the plate.
CHARLIP: Okay. Thanks.

HALPERT: You .aid there was a wetting agent in
the Pellon nylon. Did you put it in yourself, or was this
put in by the Pellon people?

STEPHENSON: Both. We used as-rec:ived material.
The designation, I think, is 2506-S5K4, and we used a variety
of different types of wetting agents, and we had similar
results. All failure very early in life.

HENNIGAN: I would just like to ask one question.

Did you take out some wetting agents in some of
these?

STEPHENSON: No, we didn't. We bought separator
with and without wetting agents. We never attempted to
remove it, although at times we did watch the separator to
determine if there were any impurities incorporated in the
ser.vator as we received it.

. "‘-f,}.
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HENNIGAN: I would just like to mention the
fact that lots of times these things come with what they
call a lubricant, which is the same thing as a wetting agent.

STEPHENSON: No, these are without a lubricant.

MAURER: Your description of the failure mode of
these c¢ells is very similar to what we saw on long overcharge
with cells. In that case the oxygen was consumed by oxida-
tion of the separator and the negative became fully charged
and cell vented.

Now, could that be happening here, in which the
negative gradually becomes fully charged cells vented because
of the high temperature that the cells .-e operating at,
and the difference between thin and thick separator, then, is
simply the difference in their areas?

STEPHENSON: The areas of what, now?

MAURER: Of the separator. The thinner separator
has less area, therefore, less reaction takes longer to charge
the negative then.

STEPHENSON: As far as geometric, they are the
same amount. Now the failure mode is exactly as you mentioned.
You can measure the charge on the negative and you see that it
llas increased from what you put in there. So, that is pre-
cisely what is happening. Something is oxidizing, increasing
the negative charge up more fully, and it finally becomes
negative limiting.,

MAURER: The geometric area of the separators is
the same, but their surface area must be different.

STEY HENSON: Yes, they would be. There is less
material there,

HENNIGAN: Are there any more questions?

(No response,)

HENNIGAN: Thank you very much, Mr, Stephenson.
(Applause.)

HENNIGAN: We would like to go on tO our next

speaker who also has some informatiuvii on separators, determin-
ing the .olecular weight of separator materials.
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Jim Dunlop of Comsat.
DUNLOP: Thank you, Tom,

I am going to present some experimental results
that we have on separator material from the Intelsat 1V
cells,

This data is taken from the real-life test program
that we started back in 1969. We are using intelsat IV cells
which were taken directly from the production run and are
being used currently in the Intelsat IV series satellites.

We have analyzed these cells electrochemically
and chemically, periodically. We have saved the separator
materials, and what I am going to show you today is the effect
of the change in the separator material with time over about
a two~and-one-half to three year period.

This separator is the non-woven nylon Pellon 2505.
(Slide 28.)

The samples that we used for determining the molec-
ular weight distribution were taken after burn-in. That means
after the normal cells were delivered and run through a 30
cycle acceptance test. After three eclipse periods and three
storage periods that is one-and-a-half years of real-life
testing. After four eclipse and four storage periods that is
two-and-a~half years of real-life testing in the laboratory,
and the total life of the cell at that time is probably around
three-and-a-half years.

The molecular weight distribution and the average
molecular weight values that are shown here were determined
by jell permeation chromatography. This was done at Waters
Associates.

What you see here is the average molecular weight,
On a weight average basis it shows that initially the separator
had an average molecular weight around 45,000 and after three
eclipse seasons 31, and after four eclipse seasons 24,000,
This data shows simply that the average molecular weight is
decreasing with time.

(Slide 29.)

This r 'de shows a normalized integral distribution
for the nylon se, -ator, the function of the molecular weight.
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This is the accumulative weight pe-.cent starting here. The
zeros here represent the separator after burning, and you can
see that this has the higher molecular veights., After three
eclipse seasons you shift back to here and after four you shift
back to here, showing the average molecular weight distribution
is shifting with time.

General comment is, that after four eclipse seasons
approximately half of the higher molecular weight chains have
been cracked.

That is all for the slides, please.

This data is somewhat qualitative in terms of
evaluating the true effects of this on the separator perform-
ance, per se, but it definitely shows that the separator is
soluble, the nylon separator is soluble at the time, and
probably does augment the assumption made by Dr. Maurer that
the solubility of the separator is not the weight limiting
step in terms of the carbonate buildup in a nickel-cadmium
cell with cyecling.

Now, if you take this data, the quantitative aspects
of this data, and couple it with the other information that we
have determined from this test program, in essence, that there
is a carbonate buildup with time associated with this test
program, and that carbonate buildup seems to be fairly linear
between one and two grams of carbonate per year, and that car-
bonate buildup that we previously presented, published before
this conference and at the Atlantic City Power Sources Con-
ference, can be directly related to this phenomena that was
described last year by Dr. Maurer. That is, that the weight
limiting step for the carbonate buildup is the electrochemical
oxidation of the soluble byproducts of the nylon separator
by the electrochemical oxidation at the positive electrode.

Of course, the problem here with the nylon s¢para-
tor is, that with time you can use this carbonate buildup to
predict a failure, or you can actually measure it on an
accelerated test basis as was done by Dr, Maurer.

We have used it in our program to predict the
expected failure for a nickel-cadmium cell and the expected
failure for the Intelsat IV cells, roughl" about five to
seven years with possibly, because of v.riations in the actual
qu... .ty control or other aspects of the cell, we might drop
this down to something like four years.

The experimental results that we are getting seem
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to be justifying our expectations, and we will tak more
about that tomorrow in terms of the test results, but this
does bring out a point that I should make and, that is,
there is a justification for getting rid of the nylon sep-
arator for long life satellite applications,

Now, I am not sure this morning exactly what the
conclusion was ior a six-month to a one-year to a two-year
application, but it is very clear that for the seven to ten-
year synchronous type application that there is no cell
being currently designed today which really has the life
expectancy of seven to ten years, if you are going to put a
nylon type separator in that cell.

The other point that I would like to bring out,
which I am not going to discuss today is, that we do have
experimental evidence to indicate that there is a problem
with the electrolyte redistribution depending upon the stor-
age mode, and you certainly get a different result for con-
tinuous style charge mode than you do when you have an open
circuit storage mode.

I think the other point that Tom Hennigan asked
me to mention was, that we have been us.ng Hercules separator
material, which we obtained with his help, S0 one and onc-haif
ounces per square meter in our nickel hydrogen cells that we
have been runniny. and we have run this material over a year-
and-a-half in the nickel hydrogen cell program, this particu-
lar Hercules material, and we have absolutely no problems
that we have determined to dates +*+h that Hercules separator
in that particular cell.

That is for the ber 7. of ° e people who might
not be here tomurrow afternoon.

AENNIGAN: Any questic. -

STEINHAUER: Jim, I agree with your general con-
clusions. One thing, do you believe that this nylon is crack-
ing in half or unzipping in monomer units?

DUNLOP: Monomer units, I don't really know
exactly, but the dis¢ribution here just shows a shift in the
average molecular distribution, so you can see how it looks.
All this shows i3 that the longer chain lengths, 50 .rcent
of those have been cracked. The data is there.

STEINHAUER: Sure. The point that I am concerned
with is, I agree with the oxygen getting tied up in this primary

oxidation and oxidation of the degradation products. However,

ey .t

e o S s Bk D M SRR NG - o ot PE

oA 4 Rk vl K118 R

© i o T T b e Vi




o

s r

o s e N s o SIS o LT PRI R S eARE MO 7 b}

e T,

rell

80

it is difficult for me to consider more than just the --
when the primary oxid- :ion occurs you get carboxyllic acid
groups and those I can see going readily to carbonate. I
car't see all the carbon c¢r all tihe hydrogen being oxidized.
Therefore, is your carbonate buildup plate unloading, or is
it, indeed, attributable to the separator dearadation?

DUNLOP: Well, Bob. I am gning to answer that two
ways .

“irst of all, I believe that the results that you
are seeing hex.: are due to separator. The reason I say that
is, that we have done this test for both cells, which were
open circuited and cells which are trickle charged, and if you
look at the amount of charging time or overcharging time for
thosc two modes, there is almost a two-to-one difference
between the amsunt of time that you are on charge with the
continuous traickle charge, ¢ the amount of time that you are
on charge for tha cells that are open circuit stand and then
periodically charged and then cycled. It turns out that there
is a pretty good correlation here between that overcharged
time and the carbonate buildup with time that is observed over
the three to four yoars.

What I am saying there is, we have observed about
one gram per year buildup in carbonate for cells that have
continuously been trickle charged. We have observeda approxi-
mately half that much, or one-half a gram of carbonate buildup
per year for cells that have not been triple charced or op2an
circuited charged. So, it would lead you to believe that
that buildup is really coming from sizeable byproducts arriv-
ing at the positive electrode and being electrochemically
oxidized there during charging,

Now, the other point I would like to make here is,
that wa do obaerve an initial carbonate level in all cells
regardless of how much trouble the various battery manufact-
urers take. That is similar between SAFT, between 7 .. ..A4
between Eagle-Picher. 1In all cases it represents . .-
ficant amount. The same exact thing has been obser . .
Battelle in their program at Wright-Pattexson Air §F .- "_.-°13,
It turns out to be something around 9 percent on a ... &
basis is carbonate in the pctassium hydroxide.

I think this i something that the battery manu-
facturers haven't heen able to get out, probably due to the
positive electrode.

One tiiing that should probably he done in some of
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these test programs, and 1 haven't heard a: body mention
it today, is, that if you are ¢d>ing %o run these cells for
long periods of time with polypropylene ssparators, it
probably would be a good idea to check out your carbonate

builéup from time ¢t time. I didn't hear anybody mention
that,

One of the arguments for using the polypropylene,
end it would answer directly your question is, that the poly-
propylene separator is not soluble in the KOH and would be
the rate limiting stuff,

STEINHAUER: I think Tom's data showed level car~-
bonates admittedly, no extreme uvercharge.

SCOTT: I don't remember the actual numbers for
the buildup that you were referring to, .»ut what percentage
are “hey of this initial carbonate level of 9 percent or so?

DUNLCP: Rather than speak of percents, the ini-
tial carbonate level that we observed in the cells is around
8ix grams to seven grams, and the buildup is approximately
a half « gram to one gram ner year.

SCOTT: Are you inplyirg that starting out with

~~X grams that you are really worried about half or one zddi-
tional gram or so?

DUNLOP: Yes, sir.

SCOTT: 1 think the thing we should be worried
about is that initial six grams. We have got to get that
out of there and then we can start worrying about some{ ing
albec

DUNLOP: No, sir. The answer to that question
is, t.at, first of all, the initial carbcrate you observe has
to be coming from the plates. You can run a carbonate level
in a nickel-cadmium cell up to 50 percent or beiiar of the
¢lectrolyte, of a percent on a weight basis, and still run
the cell fairly well. You can go up to 75 percent if you
want to,

Now let me finish.

The carbonate huildup that you observe with time,
if it is due to an electrochemical oxidation, that means that
you are shifting the state ¢f charge of your cadmium elac-
trode as you build up the carbmnate, and in this particuiar
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case we also showed a very nice correlation experimentally
to an increase in the state of charge of the cadmium elec-
trode, and thi, is directly at the expense of the overcharge
protection, ‘

That is what all this business has been about.
It is what Maurer's paper was all about. It is what my
paper has been about for two years, that carbonate buildup,
if it ., an oxidation phenomena coming by oxidation of the
separa-.or, means that you are shifting the state of charge
of your cadmium electrode and eventually you don't have any
overcharge protection, and so your cell fails, thereby
becoming negative limited on charge. That is what the fail-
ure mechanism is.

[P

ot o nsatr

There are two different mechanisms, that is the
point.

SCOTT: I don't want you or anyone else to give
the impression that we are not concerned with that initial
level of carbonate in the cell, and that it may be a lot
simpler to get that out of there to start with, than to solve
the separator problem. I don't know.

But it seems to me that the data published now,
well, the paper by the people from GE last year or so and
some more recent results published by Battelle, indicate

that you do start getting a significant problem at way lower @
than 50 percent carbonate in the eiectrolyte, especially, o
if you are talking about projecting these effects to seven %~

to ten years.

I think we are already at the danger point right
now from the residual carbonates in the plates. That is the
only point that I would like to make.

DUNLOP: That is very true, Possibly, Dr, Font
would like to comment on that. But we went to a fairly
extensive program with SAFT to get the initial carbonate out
and they went to the point where they wacuum sealed the !
electrodes, stored them in a bag in the vacuum, they assembled
them in a facility which eliminates all the carbonate in the
air, and when you get all done and you go to all cthese pre- g
cautions the problem is, you co. e out with the cell in which F%
the percent of carbonate in that particular cell is still just
as high as the percent of carbonate in the ones that GE
delivered.

All I am saying is} you can't decree this. You Fg
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better find out a way to do it. But you can't decree it
just by going to very elaborate conditions.

STEINHAUER: There is a very easy way to keep
the carbonate out of these cells. I saw it in the refractery
(j} metal industry. You simply fill the room with argon and put
the processing people in with the diving suit.

(Laughter.)

¢ HENNIGAN: We will move along now to the next |
speaker and, then, if there is any general discussion after
the next speaker, we can go into that.

Thank you, Jim. *
(Applause.)

HENNIGAN: I would like to mention here that, if
after the next speaker anyone wants to give any results that
we haven't heard from, why, feel free to do so. We will have
to keep them short, though, because the other session we
would like to hit about 3 o'clock anyway.

N \ 5
Y (:’ Our next speaker is Steve Gaston. I don't think ini,
'1? I got around to asking Steve what he was going to talk about, o

- but I know it is on separators. Eg

GASTON: It is a short summary on screening tests
which we conducted on the hundred ampere hour cell under
contract NAS9-11074.

In this screening test we had built a total of 22
one-hundred ampere hour cells. Out of these 22 there were
eight polypropylene cells and the balance were nylon cells,
the nylon was P-2505,

The screening test consists of a test program
which is shown in Table I.

T
~

(Slide 30.)

Before I got into the screening test program, I _
woula iike to mention that all cells were vacuum filled and o
the electrolyte amount was deficient. It was identical to
the one in the nylon cells. I have a paper later which I
want to go into details about the free volume determination
which we did on these cells, and so we have assurances that
the electrolyte quantity was sufficient.
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In the test results we have first a number of
tests on the screening tests where we ran a number of differ-
ent cycles, including some capacity cycles, some high charge
cycles, some high discharge cycles, and we included an over-
charge cycle and orbital cycle.

Now, on the next curve I did not include the
orbital cycles as far as the capacity is concerned, because
they weren't full cycles, so they were omitted.

X When we finished with 20° we repeated the same
test a 0°C.

(Sli"le 310 )
Plotted here is the positive electrode d-=nsity.

The positive electrode density is defined as the positive
active material divided by the total electrode volume.

Cn the ordinate I have the positive electrode
active material utilization and that is in ampere hours gram
and for cor.venience it is 10-3,

In the upper curve here it shows the 20°C data.
The uppe:: curve presents the nylon P-2505. The W stands
for wasli, all separators except the microfiber material was
washed three times in ethanol aud followed by distilled
water wash,

The microfiber is relatively low in that, the
microfiber was not washed. It is relatively brittle material
~nd as the name implies, it is a very short fiber and very
difficult to handle.

Unfortunately, we didn't get the same success as
Tom Hennigan did on the 6 ampere hour cells. It is possibl
because the cell plate is relatively large. It is about
seven inches by five and one-eighths iach in area and it was )
really difficult to handle.

At that time we said that we cannot handle it for
that large cell and we kind of put it aside. We still have
those cells and I would like to take another look at them
and see what caused the low performance. In fact, the 0°
data that we do later on it is even worse, it doesn't even
show up, it is below the lines. The results were not very
successful under ampere hour cells.
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The T-21047 and the WX-1242 are about the same.
They seem to follov the curve for the Pellon and we seem
to be getting about a 12 percent difference. As a matter
of fact, all of these electrodes, with the identical density,
came from the same lot, so they are identical electrodes.

Again, here -- no, we don't have any of the same
lot. I wanted to show the difference in density as far as
the utilization is concerned.

In this case the WX performed somewhat better than
the FT-2140, but what we did at that time, we used a combina-
tion of FT-2140 with a woven polypropylene, so it wouldn't
be a fair test for the FT-2140.

I should have said that these are average values
for all these tests which we conducted.

Now, the average values for 0° tests, and again
we get about an 8 percent capacity loss for the polypropylene
at a density of about 1.7 grams per cc, and it becomes more
proaounced as we go t0 a lower density.

The third curve shows the average of them both.
We just took the 0° and the 20° data and averaged them all
out, and we get about a 10 percent lower capacity for the
polypropylene about 1.7, and we get about 14 to 15 at lower

It seems that at a density of about 1.6 grams
per cc this reaches a maximum,

Based on these results, at least on the 100 ampere
hours, we have not seen an identical capacity performance.
We have seen a lower capacity performance, but, of course,
these are initial results.

1 must add, we have done some initial testing
but we did not want a prolonged experiment on these cells.
This was just for comparison, it was an experiment test.

The hundred ampere hour cell, I would like to
make one comment on the OAO cell which has flown on space-

craft A-2 and it has been flying for the last four years, e
and the batteries were built about a half year before, and
they were built with nylon P-2505. I think at that time it o

was designated ML.

Although we have seen some degradation in the
cell performance, it apparantly -- what Las been mentioned
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before -- you can get maybe up to five years life with
nylon provided you keep the temperature cool, which in
A-2 it was around 55° to 65°F,

That is about all I have.

Are there any questions?

HENNIGAN: Are there any questions for Mr. Gaston?

(No response.)

HENNIGAN: Okay. Thank you very much.

(Applause.)

HENNIGAN: Are {here any general questions that
anybody would like to ask any of the speakers that we had
this morning, or this afternoon, or does anybody have any

other inputs they would like to put in their two-cents?

LACKNER: I would like to ask a question of Jim
Dunlop.

On the cells that you were talking about earlier,
what capacity were they, and what was the weight of the
separator per cell?

DUNLOP: I can remember a couple.

The cells are rated 15 ampers hour cells. They
are used at maximun depth of discharge of 60 percent. They
are operated at a temperature approximately 68°F and cycles
a little bit during eclipse operation lower and hicher. It
drops down to about 30°F and back up 30 in an eclipse day.

The separator weight, I believe, is 23 grams.
Sixty ounces per square yard.

LACKNER: How many grams would there be in a cell?

DUNLOP: I think there is about 21 grams in a
cell, Guy. I think that is the number that I remember,

LACKNER: Would the figure 2 grams per year change
in that separator?

DUNLOP: It turns ou’ +hat if you figure out that
gram change, the weight change . pretty small. It is about
a fifth the change in the ampere hour equivalent. I forget.
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I think it is just about a tenth or two-tenths of a gram
per year in the weight of the separator material for the
amount of carbonate buildup that you are talking about.

LACKNER: What I am trying to figure is, if the
carbonate buildup is strictly due to the separator, how much
is the separator losing in weight?

DUNLOP: I think it is about two-tenths of a gram
per year. We calculated it ana, I think, the calculated
nunber is about two-tenths of a gram per year.

The point I really chink is, that the weight
change of the separator even for the one gram carbonate
buildup per year isn't enough to make a significant change
in the separator weight, the total separator weight., It is
a fairly small percentage of the total separator weight.

LACKNER: It is just that, I seem to feel that if
you attribute the carbonate strictly to the separator degra-
dation, you would be losing an awful lot of separator.

DUNLOP: Like I say, it is about like one gram out
of 23 in five years. 1It is a five percent change in the
total separator weight, maybe in five years.

LACKNER: I think we, more or less, feel that we
have to go on record every year telling you that we think
it comes out of the plates. That's all.

(Laughter.)
HENNIGAN: We have another question.

COHN: On the same subject. I wonder whether any
of the speakers, or anybody else here, would have an opinion
as to what would happen to the life of nylon if we could
essentially eliminate the presence of oxygen. 1Is it the
oxygen that is causing it, or is it some other factor that
is really causing the degradation?

HENNIGAN: Do any of the spe-kars have a comment
on that?

RAMPEL : I will volunteer. I don't know why.

First of all, I feel the degradation of nylon is
due to the exposure of KOH, to some extent, The hydrolysis
in KOH, and of course it is a function of temperature and
KOH concentration,
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Secondly, I feel that the oxidation is due to
the separator contact with the nickel oxides, particularly
+3.

HENNICAN: Dean Maurer also had a comment on
your question.

MAURER: Guy and I disagree to some extent on that
mechanism,

I agree that nylon is decomposed by hydrolysis
independent of oxygen or anything else. Those hydrolysis
products can be oxidized then by free oxygen in the cell,
but in the paper I presented last year, I showed evidence
that it was oxidized by the positive electrode itself., That
is, the potential of the positive electrode allowed an
electrochemical oxidation to take place and that caused a
net oxygen loss.

That reaction will go on whether or not you have
free oxygen in the cell. I suspect you are leading to pro-
psoing your negative limit in the cell, but even in that case
you would have that oxidation.

RAMPEL : Dean, we have no disagreement at all. ;5,
I did say that the separator was being oxidized in contact )
with the nickel oxides, particularly the +3 valences.

HENNIGAN: Jim Dunlop has a slide here which shows
the reactions in the cell with the separator.

(Slide 32.)

DUNLOP: this is the one that was just described,
which is the electrochemical oxidation, and this is the next
reaction.

I think I really took this from the work that was done
by Dr. McCallum at Battelle. This is the one that he
described in that paper where he described the various mech-
anisms by which you oxidize the separator. For this mechan-
ism that we have shown here, which is the electrochemical
oxidation at the positive electrode, the net reaction is,
that for every gram of K,CO4 there is 1.16 ampere hours change o
in the state of charge on the cadmium electrcde, if you
assume that these reactions are correct.

STEINHAUER: I am glad you put that up, Jim, ¥
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| 6n (OH)™ + C_H,, - n CO, +4nH,0 + 6ne (1)
3nCd (OH), + 6ne » 3nCd + 6n (OH) - (2)
6
3nCd (OH), + C_H, ~ 3nCd + nCO, +4nH,0 (3)
96500 ahr 6eq 1 mole = 1.162 Ahr

3600 equiv . mole © 138.2g (K,CO5) g (K,CO,)

FIGURE 32
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This is the mechanism I would like to have kicked
around here a little bit, because it is the one I disagree
with,

Even in the primary oxidation, or in the degrada-
tion product, oxidation is all that carbon and all that
hydrogen being oxidized, or are you only oxidizing amine
groups after the primary degradation in carboxyylic acid
groups? In other words, are you indeed tying up the amount
of oxygen that that chemistry says?

MC CALLUM: It is my understanding that Dr. Reed
made these measurements and he got very good correlation
between the actual carbonate pickup and the number of extra
ampere hours showing on the cadmium electxode.

DUNLOP: So did we. As best as you can do, we got
a very good correlation, so we think there is a good experi-
mental agreement. I have mentioned all this once before, but
I will repeat it again,

SCOTT: John, did you just say agreement between
the CO, and the amount of change in charged cadmium? That
still doesn't answer Bob's question of how much of that total
chain is actually split off and produced out of the original
nylon structure. I think that is his question, if I under-
stood it correctly.

If you only oxidize one carbon off the end of each
of the two halves of the original molecule, you would have a
very small fraction of CO2 based on the original weight of
separator material there, but the change in the cadmium could
still be equivalent tc that CO; and still be a very small
amount compared with the total amount of separator present.

MC CALLUM: I don't think we had any evidence
whether it went exactly as shown, or whether it is just one
carbon off of a chain or the chain all the way. I don't think
we have any evidence on that,

STEINHAUER: My point is, that if it is nylon 66,
or are we just talking about two carkons and 12 that can bhe
firm sealed, too?

HENNIGAN: Well, we can talk this over a little
further at 6 o'clock at the cocktail hour, and I think that
is where we will solve most of the problems.

There is one thing that came up in the sessions

fron
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this morning. We came over some ¢ ..ta, and I think I heard

some others say something similar, if there is enough electro-
lyte in the separator the cadmium doesn't seem to grow thrnn- ™

That might be an action item for next year, to find out why
that happens, if it does,

I was going to bring up a couple of programs that
went on about the middle of the '60s to determine why did
zinc grow in a silver zinc cell, and both Yardney and Leesoma
Moos did kind of similar work on it and they both came up
with the conclusion that the zincate wasn't there in proper
concentration. The zinc would tend to grow out and go look
for it. I wonder if some similar type of thing isn't happen-
ing in our cells, that is not enough air, it keeps going out
to look for some for it,

We don't have dendrites in these cells, it is more
of a massive granular material that moves out. I am not say-
ing it is similar, but it might be something we could think
about over the next year for A topic then.

We are going to conclude our separator discussions
here so that we can cover the next subject, processes and
materials,

I am now going to turn it over to Jerry Halpert,

Thank you very much for your attention and help.
(For additional discussion see Wrotnowski on
second day of workshop.)

(Applause.)
HALPERT: Thank you, Tom,

As part of our next session on materials and pro-
cesses we will jump right into it and plan to have a break in
a short time.

our first subject, and when we talk about

materials and processes we are talking about plaques, plates,
anything other than sepavrator at this particular time,

Our first speaker is Jim Bene from NASA/Langley.

He is going to talk about sintering conditions and the quality

of plaque materials.,

BENE: Bo::ause there is a great deal of inquiries,
questioning and wonder..ng about what Heliotek was doing on a
contract with Langley, on a plague contract, there was about
an eleventh hour decision made to try to present a paper here

-
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and to give people some idea of what is going on. The fellow
who was supposed to give the paper didn't come, and you know
who got the short straw about 2 o'clock this morning.

So, I am going to try to go through this thing
and, if you bear with me, it might be a little lumpy here and
there, but I think we can get through it, and hopefully we
will hear some comment on some of the things that we have
found.

The contract Langley has with Heliotek is a nickel
plague study and the type things that we had hoped to gain
from that program is like what everybody else is trying to do,
they want all that good stuff,

We set out from a purely cosmatic standpoint not
to have any pitsg or pockmarks, such things as we have seen in
the past, or cracks in the sinter, no bubbles, and try to
reduce any agglomerations of the nickel powders.

We are also trying to keep a high porosity in the
plates and control that; get a very uniform pour distribu-
tion; control the thickness and do it uniformly; have a high
surface area within the plaque structure, ani to obtain ver
low electrical resistivity.

Now the thing that we are going to talk about i:
a factorial experiment. It was performed not too long ago
and that had to deal with the experiment for the nickel
plaque as it would be used for a positive electrode.

The experiment was trying to evaluate the effects
primarily of sinteringtemperature, the resonant time at that
temperature, and composition of the forming atmosphere, and
it is all based on using a slurry production method.

(Slide 33.)

I am sure most of you people are familiar with
what we have here. It is merely a block diagram indicating
the slow process for production of a nickel plaque. We see
all the variables that are involved in trying to build the
thing, and all these variables end up, in some manner of
determining the quality of the plaque you have an end product.
Some of the most critical ones thit we feel that we found is
the composition of slurry, the blade separation, obviously,
and the temperature resonant time and the forming gas compo-
sition during the sintering process.
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For this factorial experiment we fixed all the
variables up to the sintering point and those variables
that were fixed were determined during a trial and error
process to make a nickel plaque for a positive electrode,
It was those variables we felt that gave us what we con- |

(j) sidered a fairly good placue. 3

(Slide 34.)

The variables that we fixed, that are here, was
the nickel slurry, the nickel grid, and the slurry applicator,
and the drying time, or the drying procedure.

Nickel slurry probably doesn't vary too much from
what most other people use, and the mixinr~ procedure is
probably a little different in that we use a very slow tumble
rate to do the mixing for a very long period of time. This
not only gives us fairly good mixing, but a 2 de-aerates
the slurry.

Nickel grid is 3 mil as you can see there. It is
cleaned with ammonia, I think it is hot ammonia, an acetone
bath. 1Is that correct?

(r§ VOICE:

BENE: Also, the nickel grid t:nds to have a
cupping effect where it has been punched, and it is also
stretched to stretch the border areas, to match that of the
perforated arears, to get .id of buckling, so that you have
a much flatter plaque when you are finished.

Hydrogen peroxide.

The slurry application ductile blades that have
sintering fingers that are dovetailed prior to entry into
the ductile blade, and the drying is done at room ambient.

Now, here are the variables during the factorial g%é
tests. Now, the base level in the furnace, and the furnace
iz a three-zone furnace, and as you see hcre the base level
is selected at 775, 925 and 1000°C, and the belt cpeed 6
(;‘ inches per minute and about a 20 percent hydrogen in the
forming gas. The forming gas rate was fixed at 140 cubic | 2
feet per hour, I believe, if I remember right.

The numbers for the Lase level, acain, were
determined apparently during the test program and these
were the numbers we found that gave us what we considered a #$a
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fairly good plaque and very close to the parameters that
we desired for the positive plaque.

The unit variable that we chose here for this
_ experiment was plus or minus 25°C for all temperature zones,
(jW plus or minus 2 inches per minute for belt speed and 10 per-
cent variation in the hydrogen forming gas. All total in
the base run and the factorial run give us a total of nine
runs of sinter.

(Slide 36.)

Here we have a plot of the temperature profile .
within the oven. It was obtained by imbedding thermocouples
l in a piece of plaque material and allewed to go through the
furnace.

(Slide 37.)

Now, after all the plaque samples for the experi-
ment were sintered, all the plaque was tested and evaluated
for properties shown here. Void volume thicknesc,. echanical
strength surface area, electrical resistivity in the unload-
ing. Two other things were appearance and good location.

Now, appearance kind of fell out because all the
plaque was blemish-free, we had no bubbles, no pockmarks,
no cracks, and the grid location was sintered in all samples
we looked at. No point in including that here.

The void volume was determined by using the
weight of the water imbibed by vacuum impregnation in the
samples., Sample size, about 2-3/4 by 3-1/4, and we obtained
something like 2 percent reproducibility. Thicknesses by
standard micrometer measurements and it was used about five
readings taken on each plaque sample, and the variable there
was plus or minus five-one-hundredths.

The mechanical strength, there, again, was a
little different. Wwhat we used was, more or less, a hardness
tester to determine the amount of crunch or crunch-up that
you get in the sinter itself, so that actually the smaller
the number you get, the more hard the sinter is.

Surface area was detvermined by double layer
capacitance potentiatic step, wherein the sample is biased
to a negative .5 to .9 volts as read by a nickel oxy-hydroxide
reference electrode and the pulse was 5 to 50 millivolts for
about 100 milliseconds. The double layer capacitance was
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charged at about 10 milliseconds for all samples.

BET was going to be run by Goddard. I understand
they ran into a problem and as yet it has not been done.

Electrical resistivity would run around 3 inch by
1 inch samples where a 5 amp current was passed through
sample and the voltage drop measured on a fixed spacing.

The impregnation was just by standard aqueous
nickel nitrate loading and 6 percent cobalt. The samples
were dried at 120°, and there were five impregnations.

(Slide 38.)

Here we have got a real busy one. This is all
the data that was obtained during the experiment.

Now, all of the parameters that were checked
were performed on at least three samples for each run,
except for the double air capacitance, which is only two
samples.

I think one of the things you see here in general
is, that all the plaque that was acceptable from the stand-
point of the thickness, the porosity, the mechanical strength,
electrical resistivity, and the weight gain. s you might
expect, the higher the temperature -- I don't rnow if you
people can follow me as I am going over this thing -- you
will notice that the lower the temperature or the higher the
temperature the plaque thickness is thicker for the lower
temperature and thinner for the higher temperature, and by
the same token the mechanical strength is much stronger for
the higher temperatures. You will find the electrical
resistivity is even lower for the higher temperature. That
type thing you expect to see.

The double layer capacitance we measured here is
about the same as what we found on a commercially available
plagque. It was made from a slurry process and about twice as
high as what we found on commercially available plaques made
from a dry powder. Resistivity-wise the average we obtained
here is about, oh, turn it arcund, the commercial plaque
made from a slurry was about 1.3 times higher than that made
from a dry powder which was 1.9 times higher,

There is not much to pick and choose from in the
weight gain and from the impregnation.

Ii you will notice, most all of these numbers are
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small. There is very little variability in any of this.

We are going to try to determine what effect all
these different factorial runs had on one another by what
they call a student T test to the data, which is a statis-
tical method to determine or to establish the variability =--
oh, boy, I am out of my league on statistics. Anyway, it is
a student T test.

You take the numbers and what you determine is
the variability of the number from the average mean, and
using that number you calculate a T value which is given
to you, a formula out of a handbook.

(Slide 39.)

What you arrive at, anyway, when you are looking
at the deviation from the mean average and use that to cal-
culate T number, and if you come up with a number and if this
number is larger or greater than T, it is greater than the
number you get out of the handbook, and then you say that
the test indicated a significant difference. If it is
smaller, it is the same,

We apply this to all the different variables we
had there and six rate different runs,

Just a typical example there for the plaque thick-
ness.,

(Slide 40.)

Here we have the mean average values of all the
plaque properties that function as a sintering condition and
the results of that application is the T tests.

I want to emphasize that the belt speed apparently
didn't have any effect during this experiment on any of the
piaque properties that we looked at. Apparently the belt
speed was slow enough that we got sufficient sintering even
at the higher belt speed. What you might expect, too, at
the higher temperatures we get the difference in the thick-
ness and we get higher mechanical strength and a lower elec-
trical resistivity. With the hydrogen we get a higher void
volume and a thicker plaque.

What we learned from this, I think, is that the
base conditions that we chose were pretty well right on the
money, because the variations we got here are pretty small.
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If you look at the base numbers that we had for
the porosity or the void volume, and the thickness are going
off a little bit and, if we adjusted the ductile blade, we
can bring the thickness up to a desired level of 25 mils,
we would only be about 2 percent off from what we consider
the desirable void volume within that sinter.

I guess we can say, then, that the test was use-
ful. It showed that the process for the positive electrodes,
which was the 9 base level, was acceptable from a standpoint
of plaque, and also indicated how we could go about making
plaque for the negative which we want to be a little bit more
porous, and also indicated the effects of temperature on the
plaque structure and the effect of the hydrogen flow.
Obviously, if you want to see some difference in belt speed,
we would have to speed it up much faster and reduce the
residence time in the furnace.

That is about it.
HALPERT: Any questions?

GROSS: Could you repeat what you said, Jim, about
the electrical resistivity. You made a comparison between
the data that you had and about plates made by a dry powdered
method.

BENE: Right. We compared the plaque that we made
and a commercially available plaque that is produced in much
the same manner. It is a wet slurry process. We also compared
it to a commercially available plaque that is produced by the
dry powder process.

The commercial plagque by the wet slurry process had
a resistivity that ran about 1.3 times as high, and that from
the dry powder was 1.9 times,

GROSS: Your resistance was lower then?

BENE: Lower, correct.

‘ GROSS: What percentage of the conduction was
attributed to the grigd?

BENE: That is a real good question.

SEIGER: One-third. I happen to remember some
of the numbers. The nickel grid gave us a voltage drop of
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about 30 millivolts, whereas an entire sinter on the grid,
that combination gave us a voltage drop of 13 millivolts.

BENE: Was that the question you asked, Sid?
(f\ GROSS: Yes, that was the question.

BENE: I misinterpreted your question then. I
was trving to answer something else.

t GROSS: I would like to ask if there is anybody
who has rua any tests on the electrical conduction in the
direction of thickness of the plaque. We have done this
and have gotten somre surprisingly low values. If there is,
I would sure like them to contact me sometime or speak up
now,

CHARLIP: Jim, in your first slide you were talk-
ing about 59.6 percent, I think, nickel 287, 2 percent binder,
methyl alcohol 7.4 percent, the ionized water 34,2 percent.
You had a pore former .8 percent. Is that a fugitive? 1Is

that something that burns out?
BENE: Right.

CHARLIP: Would you care to elaborate on that
pore former, please.

BENE: It gases off during the sinter process. B

CHARLIP: I know, but would you elaborate on
what this material was, what is a pour former?

Oximide .

R CHARLIP: Oximide?

‘ Thank you. E‘
o HALPERT: Okay. Thank you, Jim. 3 
] (Applause.) ;V

(:‘ HALPERT: Our next speaker will now discuss some Fgf

of the work that was performed on one of the NASA programs
involving comparison of the chemical, electrochemical and 3
high temperature electrochemical impregnation process.
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Gerhard Holleck from Tyco will discuss that work.

HOLLECK: With support from the NASA/Goddard
Space Flight Center we have carried out a study with the aim
of developing uniform and predictable battery plate for
nickel-cadmium aerospace cells,

The experimental approach involved the preparation
of porous nickel plaque and the measurement of its phvsical
characteristics to test for uniformity.

The impregnation of porous plaque with nickel or
cadmium hydroxide to form positive and negative plates and
the testing and characterization of the plates to define
the influence of manufacturing and operating variables.

The result of the first two tasks have already
been discussed in earlier meetings. Today I will report on
a factorially designed experiment aimed at illuminating in
a comparative study the effect of plaque preparation, plague
thickness, impregnation process and loading level with active
material.

In evaluating the results, the separation of the
treatment comparison with the main effects and interactions
is a convenient and powerful method of analogcus, especially
in cases where interactions are small relative to main effects.

In our case, as will be seen later, in directions
we often found large relative to main effects and this demon-
strates further the complexities of the problem.

(Slide 41.)

This shows the basic setup of the experiment. The
plaque type was investigated at three levels, dry sinter
plaque, slurry-coated plaque on nickel screen and a slurry-
coated plaque on a perforated sheer substrate.

The plaque thickness on two levels, the thin and
the thick plaque, was normally 20 and 30 mils. Then three
levels of impregnation method, chemical conversion, electro-
chemical conversion and the high temperature electrochemical
impregnation. Again, this was investigated as two loading
levels of normally 5 and 8 ampere hours per cubic inch,

The test was a 30-60 minute cycle with 25 percent
depth of discharge and 5 percent overcharge.
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The nickel plaques were prepared by slurry--coat-
ing and by loose sinter powder layoffs with the substrate
sintered. The nickel powder was Ingot 287. The green
plaques were sintered in hydrogen atmosphere at 903C for
30 minutes for the slurry cultured plaques and two times

(f3 20 minutes for the dry layouts.

The final plaque was characterized by measuring
thickness and porosity, electric resistivity, and mechanical
strength in a four point band test.

(Slide 42.)

This slide shows some average values of the
plaque. The sinter porosity -- and these are values, poros-
ity values, corrected for the substrate value, mechanical
strength and resistivity.

You see the loose sinter powder sinter are slightly
higher in porosity than the slurry-coated materials. Please
disregard this. That is not real. It comes from an error
in thickness measurement due to the screen structure on the
surface of the plaque. Mechanical strengths and resistivity
« - ‘ correlate quite well with the average porosity. These are
N (:’ average values.

(slide 43.)

o This shows you the conditions of the impregnation

ore process. The chemical conversion process was vacuum impreg-
ﬂiﬂ nation with saturated nickel nitrate or cadmium nitrate

4 solution followed by drying and then conversion in 25 percent
LA KOH at 80° for ?0 minutes. Plaques were then washed, dried
L and weighed and the process repeated.

The electrochemical conversion started out with
the same step but then the plaque was directly transferred
into KOH with a cathodic polarization and a current of 150
million ampere per square centimeter,

The high temperature electrochemical impregnation b
was carried out in a solution containing .3 molar sodium
X ( nitrate and 2 molar of nickel nitrate or cadmium nitrate. -
—

The temperature was approximately 104°. It was
a boiling solution and the pH was adjusted before heating |
the solution. 1

Positive plates were impregnated at a half amp
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per square inch and negative plates at a quarter of an amp.
(Slide 44.)

This shows tha basic steps of the test procedure.
The plates were formed at a C over 2 rate with 100 percent
overcharge up to a constant capacity. Then the initial
capacity before the test was determined at a C over 2 rate
of 100 percent overcharge. Then hundred test cycles with
60 minutes charge, 30 minutes discharge and 25 percent depth
of discharge at room temperature were carried out.

The starting was at 80 percent state of charge
for negative plates and at a full charge for positive plates,

During the cycling charge and discharge potentials
were recorded. After the last regular charge a complete dis-
charge was carried out and after this the cell was fully
charged with 100 percent overcharge and, again, fully dis-
charged.

(Slide 45.)

This shows you a typical example of potential
time curves obtained at positive plates. The shape of the
test cycle did not change during the hundred cycle. It was
practically identical at the beginning and at the end of
cycling.

Upon full discharge, this is the next cycle, you
see a potential variation at the point where the regular
cycle ended and upon full charge after this with overcharge.
That actually continues further than the one I have here,

You see a slight change in the potential time
behavior at the point where the regular charge would have
ended the cycle. Even after 100 percent overcharge the
following complete discharge shows some structuring in the
potential.

Now, if we assume that the end of discharge is a
common point and, I think that it is safe to do so, we can
line up the second and the fourth graphs of these two curves,
and that is done in the next wvugraph.

(Slide 46.)

So, here it becomes quite obvious that the elec~
trode is actually cycling in this case between approximately
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PLAQUE IMPREGNATION

Chemical Conversion:
Vacoum impregnation ~ saourated Ni(NO,)
or CA(NO,)y
Dried (80°C
Conversion — 25% KOI1, 80°C, 20 min
Washed; dried; weighed
Electrochemical Coaversion:

+aruum impregnation ~ saturated Nlmo‘)’
or CANOy) 2

Couversion - 33% KOH, 80°C, Cathodic 150 mA/cm® 20 min

High Temperatur» Electrochemical Impregaation;
Solution: o.auruno,numoao,),couoco,),
~ 104°C (bolling), pH 4
Posicive plates - 0.5 A a2
Negative places - .28 A ta.}

FIGURE 43

TEST PROCEDURE

Pormetion (C/3, 100% overcharge, 30% KCH, o constast capacity)

iial Capacity (C/2 aftar 100% overcharge, 30% KOH)

100 Tort Cycles (60/30 min, 35% depth, §% overcharge, 30% KOH, room
temperature, starting with disclargs from 80% state-of-charge

for segatives and 100% charged for positives)
Charpe and diachargs poteatial reconied durisg cycling
Afer last chargs, complecs dischergs (0.8 V call)
Pull chargs (100% overchargs), full discharge

FIGURE 44

B e R -

-



rell 101

50, between these in the regular cycle. But despite this

cycling at the low end of the full capacity it is remarkable
that the potential time behavior is very similar to the start- ¥
ﬁ ing potential time behavior of such a curve.

(j“ The reason for the shift from the full 100 percent
state of charge to the lower end or center portion of the
state full charge is the oxygen evolution which is a periodic
reaction and increases with the state of charge. Obviously,
the amount of overcharge was not sufficient to keep the elec-

' trodes in a full charge state.

An average positive electrode cycle at the end of
the hundred cycles approximately between 35 and 65 percent,
between these limits which are given up here, so in this
respect this is somewhat of an extreme case here.

We have also carried out quantitative measurements
of oxygern evolution as a function of state of charge in con-
nection with our work on negative limited nickel-cadmium cells
and I will report on those results tomorrow.

(slide 47.)
(: This vugraph shows the analog cycle for negative

electrodes. Here no special memory effects were observed.
Lo So there is not really very much to say about these curves.,
e

Before I discuss the capacity changes during the
test cycling, I want to make a few comments regarding the
data evaluation.

We used Yates procedure for two level factorials
and analyzed the data in four factor blocks. This is illus-
trated in the next vugraph. One such four factor block would
be the shaded area, for example, and there are nine such com-
binations which we can make to carry out with this data,

The analysis was carried out for 95 and 80 per-
cent confidence limits. The level of significance was
determined by assuming that third and higher order inter-
actions are nonexistent and that the variance in these terms \
is due to error. This gives us a conservative confidence =
limit, since some third order interactions might well be real. b

(slide 48.)

This vugraph shows a table giving the capacity
rotained of positive electrodes during the hundred test cycles.
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The overall changes are relatively small and
in average they are about 5 percent loss of capacity during
the cycle regime.

From this data it would appear that the plaques
impregnated, especially the slurry-coated plaque:, impregnated
by the high temperature electrochemical impregnation process
performed less favorably than the equivalent plaques imjceg-
nated by either one of the conversion processes.

This should, however, not be attributed to the
high temperature electrochemical impregnation process as such,
For axample, if you compare the loose sinter plaques you find

practically identical performance in 2ll impregration proce-
dures.

Why, then, do we find this difference between the
loose sinter plaque and the slurry-coated plaque in the high
temperature electrochemical impregna*ion, whereas the other
impregnation methods were practically iv:ensitive to the
plaque structure or, if anything, improved when you go from
the loose sinter to the slurry-coated materiale.

The high temperature electrochemical impregnation
method depends on a balance of a number of different diffusion
processes and that the plaque and impregnation rorameters have
to be matched to obtain optimum results.,

Since we have not had time to determine the
optimum conditions for each plaque we use a standard procedure
to determine primarily for loose sinter plaques in all cases,

I might mention that continuing work for NASA/
Goddard carried out in our laboratory by Ed Rubin, where the
structure of slurry-coated plaques was modified, resulted ‘n
excellent plaques.

The factorial evaluation shows practically no
other main effects. There are, however, significant inter-
actions.

Now let me quickly backtrack and recall what this
means .

(slide 49.)

For exanple, if we look here, just at the curve,
the response of the levels of B zero and B 1 here, effect a
change in level of factor A is a responce to a change in the
lavel of factor A is here independent of the variable B.
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Thus we have no interactions. However, if we look now,
let's say, at B zero and B 2 a change in the level of A
from, let's say, zero state, ground state, to 1, does cause
a different response.

Now, if we use the average value as it is done in
the Yates evaluation we will find no response whatsoever.
However, in truth it is not no response, but it is a reverse
response on the two levels of B.

(Slide 50.)

For our specific case I have indicated two such
cases nere, For example, the chemically impregnated slurry-
coated perforated substrate plaque performed better than the
loose sinter. The opposite was the high temperature electro-
chemical impregnation. Interaction was also observed between
loading level and plaque thickness. An example is shown here,

It shows that at the low loading level the thin
plague performed better and at the high loading level the thick
plague was more favorable. This is a comparison which is
indicated on the bottom of the slide. This is comparing the
electrochemical conversion and high temperature electro-
chemical impr-gnation. The dry sinter and slurry-coated that
was on the big layout, the lower left corner.

(Slide 51.)

This shows the reswvlts of negative plates. Here
the changes in capacity during the hundred test cycle were
considerably larger. They were on the average of 15 percent.
Maybe you can put the overlay on here.

These are average values of these columas here.

The most striking result in this comparison is
that the high tempercture electrochemical impregnation behaved
much better in this test, resulted in much better cadmium
electrodes, than the electrochemical or chemical conversion
processes,

This may reflect a better distribution of the
active materials in the plaque structure.

Other results of interest are the lower load
plaque retains larger fractions of its capacity. This holds
throughout all impregnations.
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Here, too, significant interactions were observed,
especially between impregnation methods and plaque-type or
plaque thickness. For example, of the plate prepared by
chemical conversion the slurry-coated perforated sheet was
considerably supericr to the loose sinter, if you compare

(:} these two, whereas if you compare, for example, the analog
values for the high temperature inpregnation method you find
practically no difference between the two plaques.

E Based on those results we may draw the following

. conclusions:
Acceptable positive plates can be obtained by any ﬁ
of the three impregnation processes on any of the plaques
investigated.

Of the three methods, the high temperature electro-
chemical impregnation process depends on the largest number
of variables. If they are properly determined and regulated,
this process may allow the closest control over the disposi-
tion of active material.

Also, weakening of the plaque structure due to
corrosion is considerably less than with the conventional
impregnation methods.

Of great practical importance is that plaques
can be impregnated in a one-step process.

The performance of negative plates appears to be
much more dependent on manufacturing variables. —

Negative plates prepared by the high temperature
electrochemical impregnation process show a significantly
more favorable capacity retention than those prepared by
either of the two conversion processes., This reflects pro-
bably a more uniform distribution of active material through-
out the plaque structure. The plaque structure, also, is of
importance.

The slurry-coated plaque without any negative was “S
less capacity change. -

Further, the less heavily loaded negatives retained e
a larger fraction of their capacity. |

Thank you,

HALPERT: Thank you, Gerhard.
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Are there any questions or comments regarding
this?

SCOTT: What is your justification for superimpos-
ing those two positive electrode discharge curves at the
right-hand end, rather than anyplace else on the curve and
essentially calling that a hundred percent discharged? I
assume that is what that implies.

HOLLECK: Yes.
SCOTT: I don't understand that analysis.

HOLLECK: Well, even if it is not exactly a
hundred percent, I think you can assume if you discharge
the electrode to a low potential that you have a very highly
discharged electrode, and that that is the closest of a
common point you can get on these curves.

SCOTT: Did you do any associated chemical analysis
for residual charge negative material to confirm that analysis?

-HOLLECK: Not on these tests here,

GROSS: Do I understand your charts correctly,
that you are showing percentages of the initial capacity?
You showed the capacity on those charts at the end of a hundred
cycle relative to the initial capacity, is that correct?

HOLLECK: Yes. That is the measured capacity at
the beginning of the hundred cycles. It is not theoretical
capacity.

GROSS: Okay, that is the measure at the Lkeginning.

Do you show, also, capacity at the end of the
hundred cycles?

HOLLECK: These values which I showed, these per-
centage values, were percent of capacity retained, so that
means if there was a value, let's say, of 95 percent, that
means the electrode lost 5 percent of the capacity it had at
the baginning of the hundred test cycle. Both measured by
full discharge at the C over 2 rate after overcharge,

SULK.'S: Could you make some comment on the actual
utilizations you got from the various processes?

HOLLECK: Yes. We.have also looked at the values

e
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relative to the theoretical capacity and the positive
electrodes, the theoretical capacity and the actual delivered
capacity is very close. On the negative electrodes we find

a larger discrepancy and the end values after the hundred
cycles compared to the theoretical capacity calculated by
weight gain of nickel electrodes is approximately 90 percent
and of the cadmium electrodes it is approximately, I think,
between 50 and 70 percent.

Gi0ss: 12he only thing is, do you have numbers
such as ampere hours per cub.c inch, because 90 percent of
nothing is still nothing. Are there actual 6 ampere hon~
per cubic inch, 7 ampere hour per cubic inch for each pro-
cass? )

HOLLECK: Oh, yes. We measured ampere hours per
cubic inch. I cannot really give you now a specific number
of this. But, yes, they are in the report.

HALPERT: Thank you, Gerhard.
(Applause.)

HALPERT: Two points I would like to mention at
this time. We have that list. I have now been returned the
list of names. If you have rot signed it, please see me
during the break.

The second item is, all those who have presented
information here we would like to have copies of your vugraphs
for inclusion in the report, and we would appreciate it, if
you brought them with you, we will take them =-oday.

Tom Hennigan will take all those in the separator
section, and I will take all those in the materials group.

The survey that Floyd passed around today, we
would like to have the results this afternoon for tabulation,
so that we can present them to you tomorrow. So, if you have
some time during the break, if you just scratclh down your
results or your information, we would appreciate it.

We will take about a fifteen minute break and be
back here at about 4 o'clock.

(Recess, )

HALPERT: Our next speaker for this afternoon has
done some work on the high temperature electrochemical process
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and is involved with a new step.

I would like to present him at this time, Daviad
Pickett from Wright-Patterson Air Force Base, will discuss
electrochenmical methecds and electrode fabrication at the Air
Force Air Propulsion Lab.

PICKETT: Over the past few years there has been
a considerable interest at the Air  Force Aero Propulsion Lab
in electrochemical methods of impregnating sintered nickel
plaques.

Last year I presented some data on experimental
cells which had positive plates that were impregnated using
the Bell high temperature process. Since this time General
Electric has developed, under contract with us, a constant
potential process of methodic deposition.

We have developed other methods in-house which
are very similar to the Bell process as a result of our
experimentation with this process.

This presentation will be concerned with the
results of these developments in the form of capacity
measuremnents, loading data and cycle life test data generated
on these cells and their plates, but first let me explain the
processes to you.

(Slide 52.)

On the first slide I have the recipe for the
positive impregnation. 1In this case we use an ethanol solu-
tion. We heat this to boiling and boiling point is about
80° Centigrade, and it is a 1.8 molar in nickel nitrate and
.2 molar in cobalt nitrate. We immerse the plaque and make
it cathodic and you use either 200 or 270 nickel anodes.
Current is then passed at .35 to .5 amperes per square inch
of plague. The plaque is then rinsed several times in
deionized water and then dried in a vacuum oven at about 35°
Centigrade.

The last step is optional. You can cycle your
plaques in the cell if you want to and omit this step.

(slide 53.)

On the next slide I have a comparison with anodic
reactions that occur, and I aw comparing these with anodic
reactions that occur in the Bell process, so that you can get
some idea what is going on.
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I believe these electrode reactions that I have
here have: by no means been proven. These are just possi-
bilities in the case of the ethanol.

Of course, in the cathodic process what happens
- is that you reduce the nitrate to nitrite or other oxidation
r (:‘ states of nitrogen and in the process you remove hydrogen
ions from inside the plaque, and this precipitates the
active material.

We can also use the ethanol process for cadmium
impregnation, but we do not get as good results, or we
haven't yet, as we do with the positive impregnation.

In the anodic reaction, in our process, are that
the nickel and the cadmium go to the anodes are oxidized
] to the ion and in the alcohol you get aldehydes and acetic
acid in CO; form, CO, can be in the form of a carbonate,
too.

The bulk reaction you get esters. This is evi-
denced from the smell of the soluticn, It smells very
fruity. Cecmparing this with the Bell process you get the
hydrogen which is generated at the ancde, is consumed by _
the nitrite in the bulk solution. ST

The negative process that we use is simply to
heat an aqueous solution to boiling and make it two molar
in cadmium and nitrite and use cadmium anodes and cathodize
at 1.6 amps per square inch.

We can load a plaque in about ten minutes to a
loading of somewhere between 1.8 to 1.9 grams per cc of
void., We would like to do better than this and we still
haven't fully developed to our satisfaction.

First let me show you some of the loadings that
we do get with the positive plate, though,

(Slide 54.)

This is from loading obtained on a beaker pro-
duction basis. You can see we get about 1.95 to 1.89 to

- 3 (A 2.21 grams of active material per cc of void in the loading. rﬂi
- There is a slight increase in the thickness, as you can see, _ h
this is from 1 to 2 mils. ™ o

(slide 55.)
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- AFAPL POSITIVE PLATE IMPREGNATION PROCEDURE LOADING CHAACTERISTICS OF NICKEL HYDROXIDE ELECTRODES
IMPREGNATED FROM ETHANOL SOLUTIONS
. \ 1 Heat 50% ethanol solution, that has been made 1.8 molar in (3" x 3" plaques coined 0. 010" x 0. 100" on all edges)
Ty ; Nickel Nitrate and G.2 molar in Cobait Nitrate, to 80-859C,
Plaque Wt After Wt of Thickness  Thick- wt of
[] impreg. Active Before (in)  ness Aclive Mati.
2. Immerse nickel plaque (85+ 2% porousi and make Cathodic {grams) __ Mall. (gms) After (in} per cc of void
using 200 or 270 Nicke! Anodes
1 12,535 5. 101 0.11220 0.0239 2.2l
3. Pass current at 0,35 to 0.50 amperes per square inch of 2 16, 052 6. 808 0, 0306 0.mn 1.69
i electrode for one o two hours,
) 3 16.312 1.148 0. 0309 0.0321 L9
4 Rinse plaque several times in DI water. 4 16, 114 1.031 0. 0308 0,019 L9
5. Ory at 35°C in vacuum oven for - or more hours then 5 .19 6.828 0.02% 0.0307 L9
weigh. 6 1616 682 0.0%5  0.0320 L%
6. (Optional) Cycle plague at One hour rate chirge - one hou? discharge
discharge for 20 or more Cycles.
FIGURE 64 L
D FIGURE 52
s i)
ANODIC REACTIONS PERFORMANCE OF NICKEL HYDROXIDE ELECTRODES
IMPREGNATED FROM ETHANOL SOLUTIONS
Inert Anodes .
- Plaove Theo Mussured! % Whitirtion” A-h per cc Ah gor Thickness
240 = 0y + 4"+ e 0 Capscity Capaclty _of Active Mot of Vold In’ {20 cycles)
- - +
K0+ NO, = no, + 30 + 3¢" |1 1w 9 8% 128 0.0261
2 198 228 n22 1010 »819 0030
Using Nickel or Cadmium Anodes
- 1 2066 2020 9.8 9.14 TR 00w
N = Ni "+ 2¢~
++ - 4 202 200 9.4 [(R1) T4 0034
Cd= Cd + 2e
5 1M 200 102.4 95 115 o0
o Ethanol
6 LI 200 102.4 9.64 781 00
CoHsOH = CHycHO + 2% + 24°
+
+HO = COOH + LH + 2¢~ *-- Assuming weight gein dus to NHOHL, + ColOH), and ColOH), is
GO + 0 = Oy active materia) -2 > ?

CHOH + 31,0 = 200, + &' + 8o~
#-- 2.5 amp charge 1o 120% of theo. capacily then discharge at 2 5 amps
t0 0.9 vors  Average of cefl with 3,4,5 and 6 taken.

BULK_REACTIONS
W+ H' = HNO,  (Bell Process)

CoHsOH + CHy000H = CoH;00CCH, + Hx0 (In Behanol)

&--After 20 chargeidischarge cycles

FIGURE 56

FIGURE 53
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On the next slide I have a summary of some of
the performance characteristics of the positive plates.
These were taken from positive limited cells. These are
either 3 or 5 plate cells. First two came from a 3-plate
cell and the last 4 plates were from another cell.

You can see the ampere hours per cc of void is
roughly about 9 to 10 and the ampere hours per cubic inch
measured after 20 cycles is between 7 and 8.

The percent utilization runs as high as 112 per-
cent. This is based simply on the loading and considering
both nickel and coablt hydroxide to be active material.

Conditions at which these data were taken are
shown. These were given 20 charge-discharge cycles at 2.5

amp charge to 120 vercent of theoretical capacity, then
discharged at 2.5 amps.

We have actually done better than this on scale-up
and this data is shown on the next slide.

(Slide 56.)

We have scaled the process up to impregnation of
four 9-1/2 by 8-1/4 30 mill plagues. These are all con-
nected in parallel and nickel anodes are used in a large
impregnation tank.

The impregnation tank is polypropylene and is
heated by circulating the impregnate solution through a
resistance heater, then back iato the tank, and then is
brought to the boiling point with immersion heaters.

Once you turn on the immerse electrodes and turn
on the current, the temperature ‘s maintained.

As you can see in our first impregnation we
obtained a loading of about 7 ampere hours per cubic inch
theoretical. These plates were taken and made into cells
which occupied a volume of about the same as a 22 ampere

hour aircraft cell, and I have cycle life data which I will
show on those.

(Slide 57.)

As you can see from the last data that I had
there I got on the fourth loading that we had we got as
high as 9 ampere hours per cubic inch theoretical loading.
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This is some capacity data versus cycle life of the nega-
‘ tive plates that we make,

The A and B here are plates taken from aircraft
cells having the same volume as our electrode.

i (:) You can readily detect that the fadirg in cap-

acity with the other electsodes, whereas the electrochemi-
cally impregnated electrode stays fairly constant, and this
is in support of what Dr., lolleck said in his presentation,

(slide 58.)

What I have here is capacity data, a charge
efficiency versus state of charge for 22 ampere hour air-
craft cells,

This data was taken by Dr. Lander about two years
ago for aircraft cells right out of Air Force stock and it
was made in order to determine the optimum charging for
cells without going into overcharge.

{’e have run similar data for our cells and these ,
o are shown on the next wvugraph. You will notice that the Tt

(j‘ lines are very straight in comparison with the aircraft cells TuE
and comparison of both these data is given on the next slide. g

(Slide 59,)

You can see that we do get an improved charging
efficiency with the cells made from this process at the
highexr temperatures. This is a constant problem in Air Force
applications, getting the charging to an aircraft battery
at high temperatures experienced in places such as Texas and
Arizona during the summertime.

RN o

These cells we cycled after we established this

i data.We cycled them at 110° Fahrenheit to failures. We observed
‘ 750 cycies at 100 percent depth of discharge before failure
W# and one cell failed by the active material coming out of the
= positive plate and shorting the cell. )

One layer of Pellon separator was used here,

In comparison your aircraft cells will experience
somewhere between 500 and 650 cycles under these conditions. S

That is, essentially, what I have to present.

I have a picture showing the impregnation procass
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with scale-up.

These are the plagues here that he is putting
in a tank, and these are the nickel anodes used. Then
the solution is heated by circulating it ~:arough this
heater here.

HALPERT: Are there any questions for David
about this process?

PARK: The only question was, cn the 35,000 cycle
what was the depth of discharge?

PICKETT: There was 750 cycles, sir, and those
were one hundred percent depth of ¢ischarge.

PARK: Pardon me, but I thought I saw one curve on
the abscissa that looked like 35,000 to me.

PICKETT: No, that was amperc hour capacity.

PARRY: Iliow long do the nickel anodes last?

PICKETT: Depends on what you use for the anodes.
If you use 200 nickel it will go quite readily. If you use
280 they will last quite a long time.

PARRY: Do you anticipate this would be a problem
in scale-up or general practice of this procedure?

PICKETT: It could be a boon if you can put your
nickel back in the solution with anodes.

GASTON: What charge regime did you use in getting
the 750 cycles?

PICKETT: Constant potential charge at 1.7 volts.
Discharge at about one hour rate.

BELOVE: When you were comparing cells, one of
the cells you tested had one layer of rellon?

PICKETT: Both had one layer of Pellon for
separator,

BELOVE: When you mentioned standard aircraft
batteries gencrally used two or three layers of separator --
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PICKETT: That is right,

BELOVE: =- so that when you were comparing the
two weren't you comparing batteries with three layers tn
batteries of one layer?

PICKETT: To some extent, yes.

BELOVE: If you werc using one layer of Pellon,
would you expect to be able to do constant potential charg-
in¢ for long periods of time without running into thermal
runaway?

PICKXTT: Well, we control the charge voltage
very well on these and watch them very carefully.

BELOVE: Yes, I know, unlike the uncontroll~d
voltage onboard aircraft,

PICKETT: Right.

Let me add one more thing to Mr, Belove's comment.
We are trying to cycle these under conditions that aircraft
cell experiences.

BELOVE: I missed that.

PICKETT: We were trying to charge these the way
aircraft cells are charged, is the reason we use the constant
potential charge.

BELOVE: Yes, I agree there. But you see where
I disagree is this: you were using 1.7 volts, which is gen-
erally much higher than what is used onboard aircraft.

PICKETT: Yes, that is right.

BELOVE: It is a worse condition, I will grant you
that, and that is why I mentioned the fact that if you had
gone on to overcharging you would have run into a great deal
of difficulty.

PICKETT: Right.

KLEIN: What type of nickel plaque were you using
there, anything special?

PICKETT: No, there is nothing special about the

A
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plague, I will assure you of that, 1t is standard pro-
duction plaque made by Lagle-Picher. I don't think there
is anything special about it, is there, Earl?

(Laughter.)

PICKETT: Eighty-five percent poronsity plaque,
HALPERT: Anyone else?

MAURER: What pH do you have in a vat?

PICKETT: Well, in an ethanol solution =- now,
this bocomes a complex j.roblem because you can no longer use
pH as a scale for acidity. We have measured the pH, but
what you get in number vou have a hell-a-va pH meter, it is
not actually pH. It is just a number. On a pH scale this
roughly is somecwhere between 2 and 3 to start with, and at
the end it is about 5.

The negative impregnation, we don't bother to pH
it at all.

HALPERT: Anyone else?

(No response.)

HALP"RT: Thank ycu, David.
(Applause.)

HALPERT: Our next speaker this afternoon has
done a great bit of work with process variables in the plaque
work and impregnation work at Eagle-Picher. Lee Miller will
summarize the process variable study program,

MILLER: I was just recently informed that I had
15 minutes to make this paper in and it really should have
‘aken me about 45 minutes, so I will have to move right along.

The purpose of my paper today is to briefly sum-
marize a two year program which we have titled a "Study of
Process Variables Associated With Manufacturing Hermetically-
Scaled Nickel-Cadmium Cells." The program resulted from
NASA/GSFC Contruct No., NAS5-21259 Mr, Floyd Ford served as
the technical monituc, and I would like to take this oppor-
tunity to express our ajpnreciation for his gquidance and
suggestions relating not only to program direction, but also
to interprctation and presentation of results in the published

reports,
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The overall objective of the program was to
develop process procedures and controls for manufacturing
nickel-cadmium aerospace type cells with reliable five year
life capabilities.

L

"

A (rg The philosophy of our approach +o meet the stated
objective assumed our present manufacturing state-o<-the-

art was capable of producing cells which would meet five year

life requirements. However, to do so reliably would require

significant improvement in product uniformity. With an

: emphasis then on defining and controlling process variables
which have a significant effect upon manufacturing, the

i scope of work for the program was divided into the following

l four phases.

Phase I consisted of a detailed analysis of our
manufacturing procedures in conjunction with a review of the
available pertinent literature concerning nickel-cadmium
cell manufacturing. The objective of this phase was to
assess the critical process variables associated with the
manufacturing process.

Phase II involved the design and performance of
experiments to verify and measnure effects of the process
variables selected for investigation in Phase I and possibly
identify and measure additional process variables.

Phase III consisted of the preparation of manu-
facturing, procurement, and quality control specifications
reflecting the controls and improvements suggested in the
previous phases.

The final phase, Phase IV, which is not yet com-
plete, will involve the implementation and "prove out" of
Phases I through III. Cells will be fabricated, tested
and delivered, incorporating the advai.ces in the manufactur-
ing state-of-the-art evolved from the total program.

As a result of the size and length of this pro-
gram, this paper will be primarily concerned only with Phase
II, or the actual experimental work performed.

(slide 60.)

We used a new statistical technique in this pro-
gram which we call a regression analysis. It offers advant-
ages that in many of these experiments you have a great deal,
or a large number of variables effecting a particular response,
like impregnation, pick-up weight, maybe a function of solution,
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specific gravity, heat, time impregnation, whether it is
in a vacuum, and so forth.

The results of the regression presents what we
call a regression equation, and through the interpretation
of the coefficients, in this case b, ¢, 4 through N, the
regression determines the effect upon the X variables on
the Y of interest.

The first area of study we call the sintered
plaque process study, and this photograph just simply pre-
sents our facilities., At the left you have a plaque forming
area., In the middle there the incendiary furnace and the
cooling zones, In the background is the atmospheric genera-
tion or the reducing atmospheric generation equipment.

(Slide 61.)

We also use the fractional factorial designs
that have been mentioned previously, to determine what var-
iables and what levels of variables would be investigated,
and in this case we chose two levels.

You see here there are seven variables in the
sintered plaque process and they were all regresscd against
two responses shown below with plaque strength and rlaque
void.

(slide 62.)

This is our four point bin tester for making the
plague mechanical stream evaluations. The sample is placed
into the area in the upper portion of the photograph and the
arm there moves down and applies pressure to the load cell
and it is recorded on this chart on the lower left-hand
¢~ ner of the photograph.

(slide 63.)

This summarizes the results of the regression
analysis on the sintered plaque process study.

I am just including these in here so that at the
end of the proceedings anyone who has some special interest
in them can then go over them leisurely.

e

F.ﬁ
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REGRESSION EQUATION
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Interpretation |
Evaluation of coefficients b, ¢, d, . . ., N reveal main effects.

Prediction

Substitution of different variable values permit prediction for ¥
under levels and combinations of levels not tested,

FIGURE 60 FIGURE 62

SINTERED PLAQUE PROCESS STUDY

FACTORIAL VARIABLES & DESIGNATION OF LEVELS
SINTERED PLAQUE PROCESS STUDY

VARIABLES LEVEL AND DESIGNATION REGRESSION. ANALYSIS RESCLIS
X Values) o
{1} Dewpoint exhibited greatest effect. Lower dewpoint, higher
1. Temperature 1600 - 1850 Degrees F strength and lower void. Incorporate increased control,
2. Belt Speed 6 - 12 Inches/Minute (2) The next greatest effect was exhibited by sintering tempera-
ture. Higher temperature, greater strength and lower void.
3. Dewpoint 25 - 50 Degrees F Incorporate incr=ased control.
4. Atmosphere (3) Reducing atmosphere volume exhibited effect next in magni-
Amount 400 - 800 Cubic Feet/Hour tude. Higher volume, increased strength and decreased void.
Incorporate increased control. 3
5. Bulk Density Measured, . 870 + . 006 gms/cc (@) Siow belt speed produced plagues with high strength and low e,
6. Plaque Spacing 0 -16 Inches void. High speed, just the opposite. .
7. Cooling Zone 75 - 175 Degrees F 5) (‘::':I‘:':]uz'metemperﬂum exhibited little eff 2ct upon strength .
pos
{6) Strength and void appear to be inverse linear functions.

RESPONSES (Y Values)

1. Plaque Strength FIGURE 63

2. Plaque Void
FIGURE 61
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(slide 64.)

Besides indicating a number of areas that
required additional control on our sintered plaque process,
we also in regression identified that there was significant
(j\ variability within any particular plaque. We felt that
‘ this was introduced to our hand forming operation in which
an operator just actually fcrm the dry sintered powder plaque
before it was sintered.

¢ This system here was referred to as a semi-
’ automatic plaque forming too soon. It was a subject of a
* paper last year by Mr. Bob Howard.

What it does is take all the variability that is
introduced by the hand operation system,

You have up above our drain device which meters
a specific amount of the dry powder and then your arm which
actually forms the plaque, which moves down on these rails,
are controller under extremely mechanical tolerances to give
you a uniform plagque each time.

(slide 65.)

The next area of study referred to is the
impregnation/polarizatinon and formation in our research and
development area. This shows in the lower left-hand corner
the reservoir tanks, the smaller of the two large tanks
there is the impregnation/polarization, and the larger tanks
the formation. Als~ the ionized water column system. In
the background we have the power systems for polarization
and formation.

(Slide 66.)

This is the fractional factorial design experi- =
ment for the impregnation/polarization process study. 1In
this case we looked at 21 variables and the results were
regressed against this lower variable, this number 21. There
were three plaques selected from the previous sinter plaque
process study. Using the information gained from the regress-
ion we fabric~!::d three groups of plaques.

One, was the low void high strength, medium void
medium strength, and high strength low void., Had these para-
meters and were placed into the impregnation/polarization
experiment to determine the effect of the plaque character-
istics.
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Responses are impregnated pick-up weight,
electrical capacity and plaque characterization.

Characterization is really a subjective estimate
of evaluation of the plaque's physical appearance. If it
was smooth, no cracks, uniform appearance, we gave this a
high rating and a low rating for just the opposite,

(Slide 67.)

Here are the results, the regression results for
this phase of the program. Again, I will just let you read
those yourself, and the data will he available in the pro-
ceedings of this conference.,

(Slide 68.)

The last area cf study which we used regression
analysis fractional factorial design experiment technique
on was the formation process. In our manufacturing process
we have a step which we refer to as formation, in which we
actually overcharge the plaques and potassium hydroxide
against electrodes to effect electrochemical cleaning process.

Again, you see the three variables of interest
in the levels selected and the responses are the same as in.
the preceding experiment, except we are now interested in
the final pick-up weight.

(Slide 69.)

This is the result of formation experiment and,
again, I will let you read those and they will be available
in the proceedings.

(slide 70.)

Associated with the formation process is the
final plaque washing operation. At this point we designed
the residual caustic plaque removed in order to prevent the
subsequent carbonate formation.

Usually to evaluate whether the plaques are
adeguately washed, the plaque is periodically removed from
the process and by the last drip method the runoff, the pH
of the runcoff, is measured. 1If it is approximately neutral
or acidic we assume that the washing is adequate. However,
in the past we have always used pH paper for this test and
we experienced considerable durations in the length of time
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DESIGNATION

LEVELS
NEGATIVE POSITIVE

Specific Gravity of Nitrate
Free Acid

Temperature of Nitrate

Time of Impregnation 15 Minutes -

| Hour
Vacuum 0-15 Inches
Wash Time 10-30 Minutes
Wash (Number of Cycles) 1-3
Wash Water Temperature R.T. - 150°F
pH of Wash Water Measured
Type of Caustic KOH-NaOH
Specific Gravity of Caustic 1.20n-1. 300
Temperature of Caustic 80°k-150°F
Amount of NHj in Caustic Measured
Amount of In Caustic Measured
Amount of OH in Caustic Measured
Polarization Current . 1-.4 Amps/sq. in.
Polarization “ime 15 Minutes-1 Hr,
Voltage of Plaque to Ref. Electrode Measured
Amount uf Cycles with Same Caustic 1-5
Number of Tolal Cycles Measured
Type of Plague 3 Types

RESPONSES (Y Valucs)
Impregnateo Pick-up Weight

Electrical Capacity
Plaque Characterization

1.800-1.900 1.700-1.800
.2-.5qm/  |-4 gmlliter
liter

110°F-140°F  140°F-200°F

FIGURE 66

IMPREGNATION/POLAR | ZATION PROCESS STUDY
REGRESSION ANALYSIS RESULTS

21

Preference indication in optimization process:
VARIABLES

High specific gravity preferred in positive process,
low preferred in negative process.

Low free acid preferred in posilive process.
High nitrate temperature preferred.
Longer impregnation time preferred.

0 vacuum preferred.
NaOH preferred caustic.
High NaOH specific gravity preferred.

High NaOH temperature preferred in positive process,
low temperature preferred In negative process.

High polarization current preferred.

Short polarization time preferred in positive process,
longer times preferred in negative process.

High strength, low void plaques preferred in positive
process, low strength, high void plaques preferred
in negative process.

FIGURE 67
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required like four hours one time and twelve hours the
next time, using pH paper.

We chose another indicator which was the liquid
phenol phthalein indicator. This graph presents partially
what we measured at this point. This is a quantitative
measure in the residual caustic.

At approximately the four hour period on this
test, using pH paper, we measured acidic level just slightly
past the four hour period. Using the phenol phthalein
indicator we could not measure an acidic or a neutral level
for approximately 24 hours.

I think the conclusions of this are the phenol
phthalein are a much more sensitive indicator for this test
and should be used in place of pH paper.

(slide 71.)

We also studied carbonate contamination during
the program, and I think we have drawn basically the same
conclusions that have already been presented here, in that,
the major carbonate contamination source, at least on the
initial phases, are trom the plates themselves. We tried
several experiments to reduce this level without too much
success, and up to this point always assumed that the car-
bonate was really the conversion of the residual caustic
in the polarization/formation experiments, but we had the
plates most specifically analyzed for potassium and sodium
ion and found that the level of both oi “hese ions was much
too low to justify the assumption that residual caustic was
a source of carbonate,

I, then, my personal opinion, assume that is
possible that the acting material in hydroxides in the plaques
do, to a certain extent, convert to carbonate in their
exposure to the atmosphere.

We have found that by handling the plaques very
carefully, like maintaining them under water during the
impregnation/polarization process between steps, sealing
them in polyethylene, and by experience in shipment and
storage and awaiting fabrication and then during fabrication
again resealing the cells, the plates and electrodes that we
could control and maintain carbonate levels, measured down
in the order of one to two percent plate weight. This device
here was an electrolyte activation technique that was develcped,
associated with this attempt to reduce carbkonate.

e
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FORMATION PROCESS STUDY
REGRESSION ANALYSIS RESULTS

1. High percent charge introduced over short period of time Is
preferred with respect to electrical capacity in the positive
process; however, the effect upon final pick-up weight and

\ plaque characterization limits this procedure and requires
strict control.

2. Low percent charge introduced over a longer period of time Is
preferred with respect to electrical capacity in the negative
process; in this case, plaque characterization or electro-
chemical cleaning eftect Is the limiting factor.

3. No significant effect could be attributed to specific gravity
of caustic.

FIGURE 69

FIGURE 71
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(Slide 72.)

This drawing shows it a little bit better, I
believe.

This refers to the vacuum burette activation
technique and it offers advantages, in that, it is closed
to the atmosphere as far as COp. These bulbs that you see
up here in the right-hand corner are CO; absorption bulbs.
The system is rather fast. I can activate a cell in 60 to
90 seconds within an accuracy of a half of one percent.

(slide 73.)

The last phase which I am going to discuss today
refers to the parametric cell study. In this group we
attempted to look at a number of selected process variables
on the actual cell level,

Going down the list we employed, we suggested a
lower electrode loading in cells in the levels indicated.
They received what we call three formation cycles.

Really, these are 24 20 ampere hour cells divided
into four parametric cell groups.

The second level is moderate electrode loading
at the levels indicated, containing only one formation cycle,

Backup just a second,

The major variables that we looked at in this
phase of study were light loading versus heavy loading, low
formation cycle wvercus numerous formation cycles. We also
looked at vacuum drain of plaques. We thought that this
might be a technique for reducing the carbonate in the plates.
We looked at reversed plates during formation, in other words,
instead of just overcharging we drove the plates into rever-
sal to revolve the adds from the other direction to effect
even superior clean or the possibility thereof.

Getting back to it, group 3 was mcderate electrode
loading 10 formation cycles.

Group 4, moderate electrode loading, and in this
case the plagues were vacuum dried during the processing,

Group 5, heavy electrode loading levels indicated,
three formation cycles.
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The final group of moderate electrode loading,
plaques discharged during formation.

(Slide 74.)

The main purpose of these cells really is the
life cycle test at Crane, and they are on their way there
at the moment, but we did run some preiiminary characteriza-
tion tests, and this summarizes these tests at various temp-
eratures.,

wuring the first 75° test, making some general
observations, the first point that was observed is that
group 5 or group 4, the vacuum dry flax pressured rapidly.
As a matter of fact, I think they had to be taken off charge,
because they reached a level, or we decided to let them go
to 100 psi.

Another item on there is that the heavily loaded
plaques, group 5, did not give us any more capacity than
the moderately loaded plaques.

In the 32° test it became obvious that the lightly
loaded plaques, group o, and the additional formation groups,
group 3, had superior or lower voltage, charged voltage
characteristics, than the other subgroups.

We did some some higher pressures on the group 2
and group 4 furnace test. In the 95° test, generally the
cells demonstrated higher pressures, except for possibly
group 3 on the additional formation cycles, but in this par-
ticular group the charge efficiency appeared to be quite low
relative to the others.

In the last 75° test the results were fairly
similar to the first 75° tests, however, in this case the
flax , which were vacuum dried during processing and the
recombination characteristics, have improved significantly.

(Slide 75.)

In this last slide we looked at the charge
efficiency versus several parameters. In the first group,
our first comparison, looked at the 75° capacity versus
theoretical., As you can see, group 1 light loaded is some-
what inefficient. Groups 2 is very good, one formation
cycle,

Group 3, additional formation cycle is very poor.
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PARAMETRIC CELL PARAMETER LEVELS
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*
w MODERATE ELECTRODE LOADING. PLAQUES VACULM DFIED
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[

v HEAV, ELECTRODE LOADING, 0.9-1.0 GRMS. /SQ. IN. POS.;
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PARAMETRIC CELL PERFORMANCE DATA
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7 a.0 U2 2.5

TEST TEMPERATURE 32°F
1.406 1515 1.465 1.52
] ] 9

L
16.3 5.4 2% 2.0

TEST TEMPERATURe 95°F

LM 1400 1.3% Lm
] 10 5 100
1.3 ay 12,5 2.5

TEST TEMPERATURE 75°F

L&sS L8 145 1.460
;] 5 3 &
s 2.2 as a.0

FIGURE 74

PARAMETRIC CHARGE EFF | DATA
| ) 1 W

I3°F CAPACITY VERSES THEORECTICAL
n ” L] n

3 CAPACITY VERSES T5°F CAPACITY
” “ » “

95°F CAPACITY VERSES 75°F CAPACITY
“ ® 2 n

FIGURE 76

-<

[~
g

vi

143
2.5

1.514
2.3

L3
n

-
and

L4
28

vi




reb5l

. -
N toe . R - »G‘ﬁw

121

Group 4, the vacuum dry flax is very highr
efficiency.

Group 5 the heavily loaded plaques has poor
efficiency.

Group 6, revarsal and moderate efficiency.

In the 32° capacity versus 75° capacity test,
all the cells seem to have a fairly good efficiency rela-
tive to the 75° capacity.

In the final capacity of utilization measurement
in the 95° test, the group 3, the cells which received the
additional formation cycles, really stand out, in that, thevy
have very poor efficiency. This is somewhat hard to under-
stand.

The ne::t level of poor efficiency in the 95°
test is group 1, the lightly loaded plaques.

Again, the evaluation of these cells is not com-
plete. They are destined for a life cycle test at Crane.

This completes a very hurried presentation of my
original paper.

HALPERT: Any questions of Lee about his study?

MILLER: Looks like I danced right around them.
HALPERT: Thank you, Lee.

" (Applause.)

HALPERT: Our next speaker of the afternoon has
done some work in our lab under the direction of Federal
City College with Federal City College. Clinton Jones has
been doing some work with the negative electrode and look-
ing at the effects of washing the negative plate with charged
active material in it. We know that there is obviously an
effect of oxyg:in recombining with the negative, but the
question is, to what extent, and he has done some work to
show that,

I will present Clenton Jones, Federal City College.

JONES: The work that we have beer. doing in this
particular area was taking some plates and charging
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them and discharging them under different conditions.
(slide 76.)
Now, we ran four different tests that you can see here.

To begin with the plates were formed and that
charged at a .3 amp hcur rate for a period of 1.2 hours.
Now, the total input of those particular plates were 3.87,
as you can see in the corner here.

The plates were divided into two sections. One
section was washed in deionized water; dried in a vacuum
oven or open atmosphere type. They were washed for a period of
one hour, they were dried overnight.

The remaining half stayed in, what they were
charged in.

After drying overnight the plates were taken,
put back into the cell and continued to discharge.

We found that the ones that were washed, the total
output was 2.37. The ones¢ that remained in the cell and
were never removed were 3.42, which shows that there is
some loss in capacity due to that particular condition.

The second test we ran were the same procedures
again., They were charged for 1.2 hours, divided into two
sections, and again they were washed in deionized water.
This particular time it was in a controlled atmosphere
chamber where the deionized water was practically 0, free,
we bubbled nitrogen through it for a period of a half hour
prior to putting the plates in it. This was done for a
period of one hour.

Again, the plates were taken out of the wash,
dried inside the chamber overnight. The following morning
they were taken out, put back in the cell and again dis-
charged.,

Here we see the difference of 3.8, 3.48 for the
cells that were washed under these conditions, and 3.69 for
the ones that remained within the cell.

R
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SAFT AEROSPACE ELCTRODES NEGATIVES N° 1694-846-667

OUTPUT
INPUT CONDITION WASHED  NOT-WASHED
(-3 AMPS-CHG. RATE) | DEI. WATER
3.87 AIR-ATMOSPHERE 2.37 3.42
1HR.
DEI. WATER — O, FREE
3.86 NITROGEN ATM. 348 3.69
1HR.
DEI. WATER — C.F.
3.87 NITROGEN ATM. 2.3 3.60
% HR.
750 DEI. WATER - C.F.
378 NITROGEN ATM. 2.28 3.32
' % HR.
FIGURE 78
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The third test, again it was the same, charged
for 1.2 hours. Again they were washed in deionized water
in a controlled atmosphere chamber, but this particular
time we tried to create a situation where they were washed.
with a continuous flow of
deionized water, where the water is flowing constantly over
the plate. To check to see if they were sufficiently washed
or if all the electrotyle were washed out, we used phenol
phthalein as an indicator and we would take the plates and
with a drop of the water off them, if there was no color then
we assumed that all of the electrolyte had been removed by
the washer. This took a period of about half an hour for
this to occur.

After, when the plates were in the chamber, they
were allowed to dry overnight and the folilowing morning we
discharged them., As you can see, we have a total input of
3.87. The plates that were washed 2.35 and the ones that
remained in the cell were 3.50.

The last and final test, we wanted to check to
see what, if any, effect discharging the plates prior to wash-
ing them or discharging them partially prior to washing them.
This particular time we charged the plates for 2.4 hours,
a total input of 7.50. We discharged them at the same rate
which was .3. I will leave the charge and discharge at .3
ampexe hours down to 3.75.

Then the plates were put in a controlled atmosphere
chamber, washed in deionized water, as before, with a con-
tinuous flow in deionized water. They were tested to see if
they were sufficiently washed by the same method as before
by using the phenol phthalein indicator and dropping it off
the plates, and this took a period of about a half hour.
Again, they were allowed to dry overnight in the chamber -
and were discharged the following morning.

So the total input that we had at the particular
time was 3.75. As to the washed ones we took out at 2.28, and
the ones that remained in the cell were 3.,32.

Now, from those particular tests we conclude that
the presence of oxygen has a direct role in the amount of out-
put that we received from the plates.

Now, the first condition, I guess, from about 20
to 30 percent of what the original input was,

The second where there was practically 0, free we get
approximately 90 percent of what was put in.
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The third where there was oxygen only within
the water, in the deionized water that we used, we got about
30 to 40 percent of the total.

The last one was approximately the same, about
from 35 to 40 percent. Of the total input of the amount we
put in there was about 40 percent of the ones we washed.

So in general conclusion, I would say that the
presence of oxygen in the charging and washing and discharg-
ing of those particular plates definitely played a role.

The places where there was little oxygen the input was
close to the amount we received out of unwashed cells.

HALPERT: Thank you, Clenton.
Are there any questions for Clenton?
(No response.)

GASTON: I think the key thing here is not only
the fact that oxygen obviously effects the charge negative,
but to the extent to which it is effected in a half hour of
washing in nitrogen-~free water and drying for an overnight
period we still retain 90 percent of the charged active
material. In the other case almost 70 percent after washing,
we still hed charged negative material in the plate.

HALPERT: Thank you, Clenton.
(Applause.)

HALPERT: Steve Gaston would like to speak on the
subject of electrode weight and thickness from some statis-~
tical data, and he also has some discussion about electrolyte
filling.

While he is still up here we will have him con-
tinue on both subjects.

GASTON: Could I have the first slide, please.
(Slicde 77.)
What I have is a short summary of some hundred

amp hour electrodes which were made in using the semi-automatic

plagque laying process for Eagle-Picher, and I think it was
discussed at the last workshop meeting.,
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} If you use that process and the process var-

iable studies input to make the hundred ampere electrodes,

the first group of one hundred ampere hour electrodes which
came out from the semi-automated plaque laying process,

i (~ which is designated as development group 3, we have a later
group which we haven't analyzed yet, we have two types of

electrodes.

We have two types of positives, a thin positive
and a baseline positive. The thin positive is approximately
22 mils and the baseline is about 29 miles. The same thing
we have two types of negative electroes, a thin and baseline.

We have a sample here about 195 on the thin posi-
tive and we weigh every one of them to the nearest tenth of
a gram and we determine a mean range and a percent tolerance.
We did this for all the electrodes and we get the same thing
on the thickness, the caddy guage was used by Eagle-Pichex
and determined the thickness.

i bt ens:

When you compare the two tolerances the thin
negatives have a larger tolerance than the baseline negative,
because they are so much thinner they are a little more

(f' delicate.

When you compare the tolerances the weight toler-
e ances are relatively close to the thickness tolerances, and
= so there should be a pretty close correlation between both
of them. So the densities should be pretty uniform, which
is of special interest, since the electrodes, I think I men-
tioned before, it is about 7 inches by -- actually it is a
trapezoid design, one dimension is 6-~1/4 and the other one
is 6-1/2, it kind of slopes downward, and the average being
5-7/8, and results in about 41.2 square inches., This is a
relatively large electrode and we were concerned with the
uniform and density of the larger electrode. We also were
concerned about the dry process by which they were produced
ot one time. There was a concern that we might not get uni-
form density.

What is interesting on the thickness, we apparently
(Ta can meet the NASA high spec requirements plus or minus one
mil, because the negatives we have not been quite that success-
ful. We have plus or minus 2 mils,

I believe an effort was made to keep that tolerance
a little bit closer. I think this one will be closer.

The general results I think look good and I think
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the semi-automatic process has resulted, although I don't
have the data, the electrodes that were nade before, but
there was a problem of uniform density. I think they are
coming along very nicely in this respect.

(;3 That is all I have to say on the electro data
‘ summary.

Shall I go on to the next one, cr are there any
questions on that?

RUBIN: Steve, is that data on completed electrodes
or just the plaque?

GASTON: Completed electrodes.

RUBIN: Of that variation in weight, what fraction y
of that is the sinter and what fraction of that is the active K
material?

GASTON: I don't know offhand. I would have to
think back, maybe I can get that information. Offhand I don't
know.

(‘ RUBIN: Of that variability in the last column, is
e that reflected in the capacity variability of the cells or
Al plaques?

GASTON: These electrodes were mixed and they were
used in different cells, so I cannot tell. We didn't keep
them separate. I cannot tell from the capacity performance
which electrodes were which.

Any other gquestions?

(No response.)

Could I have the next slide.

(Slide 78.)

The next slide reflects, I don't know whether it
. (r: is a new technique, but it is one technique which we estab-
lished to get a more uniform electrolyte volume into cells. #wf

This data would sense a number of cells. There
are eight development cells. They had thin electrodes. the,
had baseline electrodes, they had nylon and polypropylene,
and some had 17 electrodes, 17 positives and 18 negatives.
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All right, this is thin plates. We had the
nylon. These are baseline which are standard plates which
had polypropylene, the WEX 1242, I should have added all
the separator was washed in this case.

We had anotheir group of thin plates, and in this
case it is just an isolated sort of an electrode, it shouldn't
have any effect on performance, and it doesn't.

These are just group designations to keep them
classified as a group. These had 19 positives and 20 nega-
tives. We had 17 positives and 18 negatives all the way
through. We went as high as 20 positives and 21 negatives.
It is mainly because when you have thinner plates you can
add more electrodes.

We did measure the electrolyte volume, We
measured the free volume by venting the cell and using nitro-
gen gas at constant temperature, so this would determine
it was measured.

Then the next column shows the combined volume
of these two, the electrolyte volume and the free volume.
This is a number which was calculated before we went to
volumetric filling. We used a percent weight, percent core
weight or percent electrolyte to the core weight, which was
a previous way of determining how much electrolyte ought to
be added to the cell. So this was a previous way of doing
it.

What we then had done, we calculated the inside
cell volume. We subtracted from the inside cell volume,
subtracted the combined electric volume, which is the free
volume, and the electrolyte volume and we weighed the core
to determine the core weight of each cell, and then we
calculated a core volume density. We found we have a
relatively uniform core volume density which comes to about
6.13, and the standard abbreviation for relativity, and
so based on that for all these designs we calculated an
apparent core density and it comes to 6.13 grams per cc.

(slide 79.)

Based on that, we came up with a number of equa-
tions, but provided, we said, the inside volume equals the
free volume, plus the electrolyte volume, plus the core
volume, or the inside volume. All right, this is just the
shorthand.
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For the hundred amp hour cell we have 1164 cc.
We use the core weight as cw, and of course we have the
apparent core volume density of 6.13 grams per cc.

Now, if you use equation one to determine the
electrolyte volume you can use this equation. This is a
special case. 1If you go for 50 percent free volume you can
go to this equation. We take the core weight and divide
by this constant and come up with an electrolyte volume and
get a uniform filling.

Could I get bazk to the first table, please.
(Slide 77.)

We found one thing by going to the original tech-
nique, whereby we add the 21 percent electrolyte volume to
core weight, we came up with a free volume of 50.4 percent,
By this one here by 50.0 which is a higher free volume we
had a lower ratio core weight.,

So we felt that the core weight technique is not
as accurate in determining what the free volume is, and we
just uced this as a guide, since we have different designs
and we cannot reestablish for each design the free volume.
So we used this technique, which was in table 2, as a guide
to the way of filling the electrolyte volume, based on the
free volume, and based on the inside volume of the cell.

Are there any questions on that?

HAINES: 1Is the performance of your cells as
uniform as these figures?

GASTON: Yes,

HALPERT: Any other questions of Steve?

(No response.)

Thank you, Steve.

(Applause.)

HALPERT: Charlie Palandati, of our laboratory,
has some interesting results that deals with a silver zinc
cell, but actually involves the internal structure of the
cell and the combs, and he has some data and some photographs

which show what happens to combs when they are subjected to
certain g forces.
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At this point I will let Charlie talk about
the effects on his cell.

PALANDATI: I must confess this morning I felt
that I was completely out of place. This evening I feel like
I am completely brainwashed. So, during the next several
minutes, if I should mistakenly refer to the various elec-
trodes as nickel or cadmium, please don't be too critical.

The discussion is definitely based in regards
to silver zinc cells. '

A design study for a Venus multiple probe mission
was completed at Goddard in 1972. The spacecraft consists
of a bus vehicle, a large probe and three small probes.
Sealed silver zinc batteries were selected for the mission.

May I make a statement right now, that all ampere
hour capacities that will be discussed during this presenta-
tion will be based on a manufacturer'‘'s nominal ratings. This
is for the benefit of the people in the audience that have
the actual Goddard design review,

The bus vehicle has a solar array and a battery
charger and two 5 ampere hour batteries. The batteries will
deliver the electrical power during the launch phase and peak
power requirements for midcourse trajectory operations and
all probe separations.

The electrical power for the large probe is
obtained £307. @ 21 ampcore hour hattery. Each small probe
Las a % ~mpeie hou" batie: v,

Upon entering the Venus atmosoherc parachutes
will be released on each probe to reduce the entry veliosity.
The probes will encounter deceleration forces of 500 g's
during the deployment of the drogue chutes.

Review of the environmental parameters for the
probes indicated that preliminary tests would be required
in order to determine the effects of the high g deceleration
forces.

Thirty-five ampere hour and thirty 21 ampere hour
cells were purchased for the preliminary tests.

(Slide 80.)

Two methods were used to immobilize the plate
stack of the 5 ampere hour cells. Hold-duwn bars weres used
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as one method. They consisted of two vertical numbers and
a horizontal member. The other method was comprised of
putting epoxy on the top of the electrodes and completely
covering the wiring that go to the terminal posts.

Both Tom and I felt that better quality control
during the manufacturing process could be achieved with the
hold-dow.: bars, whereas shifting of the electrodes and
separator system during deceleration would probably be less
severe with the epoxy method.

The mobilization with epoxy was being studied for
high g shock levels on several NASA projects and, therefore,
only five cells of each 30 cell lot had epoxy. All the
other cells utilized the hold-down bars.

The project office specified that qualification
design levels for preliminary tests would have to be at least
one-and-a-half times the flight levels, or 750 g's.

(slide 81.)

The top diagram is the actual flight deceleration
profile. The g loads will take place during a six second
period.

The test and evaluation equipment at Goddard was
not capable of simulating the flight profile.

The test equipment at the Naval Ammunition Depot
in Crane, Indiana was capable of simulating the time profile
on batteries comprised of three cells,

Batteries were tested to a 550 g level, which was
the maximum capability of the centrifuge.

We felt, at Goddard, that we were 50 g's over the
flight level, but on the other hand, we were 200° below the
design qual level so, therefore, we decided to test to Crane's
maximum capability.

The 2lectrical test procedures for the cells were
as follows:

The cells were put through three formation cycles
and then recharged. At this tire the cells were sealed, the
three-cell batterics were then accelerated, the cells were
discharged and then subjected to two more charge-discharge
cycles. The entire cycling regimes was performed on individual
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cells, not batteries, all discharges were to one volt.

During the acceleration test the bhatteries were
discharged at a C over 3 rate. Battery current and cell
voltages were monitored during acceleration.

Acceleration tests to the 825 g or one-and-a+-half
times the Crare level were verformed at the Naval Research
facility at Chesapeake Beach, Maryland. The equipment could
not simulate the time profile. The time profile you see in
the lower diagram was selected for the test.

The centrifuge was manually controlled and, there-
fore, the rise and fall times and, also, the g level we were
testing to varied for each battery test. The g levels
varied from 850 to 965 during the various battery tests,

(slide 82.)

The batteries are placed in a test fixture designed
to prevent ‘ertical and lateral movement of the cells during
acceleration. Four 5 ampere hour and 21 ampere hour batter-
ies compr.sed of cells with hold-down bars were accelerated
to 550 g's in one of the following axes:

Plus Y with the g forces going to the edges of the
cells.,

Plus X vith the g forces going in the direction
of the broadside of the cells.

Minic 2 with the g forces going to the bottom of
the cells.

P.us 2 with the g forces going towards the terminal
post.

1-a inside edges of two 21 ampere hour cell cases
were crazed during the test of the plus Y direction.

The 5 ampere hour and 21 ampere hour batteries
with the enoxy plate lock system were erroneously tested in
the minus Z direction.

The cells were then discharged and recharged. The
electrical performance was normal. The cells were then
rechecked. During the recheck one of the 21 ampere hour cell
cases ruptured. The 5 ampere hour battery and two remaining
21 ampere hour cells were then subjected to a second 550 g test
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in the plus ¢ direction. Both 21 ampere hour cell cases
ruptured and neither cell was capable of completing the
cycling regime.

These two cells were the only cells which failed
the electrical test performed at Crane. There were a total
of 30 cells tested and of the 30 only two failed the
electrical test and they were both 21 ampere hour cells
which developed severe rupturing of the cell cases,

Substantial shifting of the eiectrode stack was
observed on all cells with the hold-down bars tested in the
plus Z direction.

One or more of the following factors may have
caused the 21 ampere hour cell case failures:

(1) The 21 amperc hour cell case walls were
thinner than the 5 ampere hour cell case walls.

(2) The batteries had not been properly clamped
in the test fixture. Vertical movement was possible during
the test.

(3) Several 21 ampere hour cells had swelled
during the test regime. When the 21 ampere hour cells were
in a fully charged state the electrolyte level was ardve the
top of the plate. When this condition exists internal
pressures can develop during cycling, therefore, causing the
cells to swell, which would create an additional strain on
the cells.

This electrolyte was used in a nine 21 ampere
hour cells accelerated at 825 g's. All cell thicknesses
remained normal during the entire test so, therefore, I do
feel that part of the problem may definitely have been the
fact that the cells were flooded.

There was a fourth factor. There was supposed to
be a Goddard representative from the Test and Evaluation
Division present during the acceleration test at Crane. Due
to a lack of travel funds this gentleman was not there.

(Laughter.)

I feel that the second and third factors I just
mentioned could have definitely been eliminated. I feel
definitely there would have been no reason to accidently
test the cells in the wrong direction, and the cells would
have definitely been clamped.
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Two 2 émpeie hour and 21 ampere hour “atteries
comprised of cells with hold-down bars were acce .::ated
in the plus Y and plus 2 axis to the 825 , level.

A third battery for each ampere hour size was
accelerated in the plus 2 direction. These batteries con-
sisted of two cells with epoxy and one cell with hold-down
bars. All six batteries successfully completed the 825 g
test. There were no cell case failures.

The remaining slides pertain to the 825 g test
in the plus 2 direction.

(Slide 83.)

These are the 5 ampere hour ceils. These are
the cells that had the hold-down bars. As you can see there
was severe shifting of the electrodes. In fact, actually
what you are looking at here is the photographs taken approx-
imately two weeks after the acceleration test and during this
period of time the cell stack did shift downward. This
phenomena was also evidenced out at Crane during the 500 g
test.

This is the cells with the epoxy plate lock system
and, as you can see, the difference here is a cell with the
hold-dowr. bars and here is the cell with the epoxy. There
is shifting, but it is minimized with the epoxy.

(Slide 84.)

What you see here are the internal components of
one of the 5 ampere hour cells. These are all the negative
electrodes. These are the zinc electrodes.

This is woven nylon and this is cellophane.

This is not the entire separator system, just part
of it.

This particular cell here is one with the hold-down
bars. As you can see, some of the electrodes were dama2ged on
the top. The zinc plates didn't appear to have any damage,
In fact, if one looks at the amount of charged silver on the
top it appears that definitely the positive electrodes shifted
more than the zinc electrodes.

(Slide 85,)

This, again, is the internal components of one of




3 CILL BATTRRY

FIGURE 80

FIGURE 82

L 4 JRS——— T

SRCELERATC, @

*Teo bn dotsrmdnad

e —_ o mACEECA L0 —-—-—-----«l
L O o it O
i | .

d " 4

l-.IL‘ ‘.;7‘-'—-.-.!‘!0..'».

—., s FIGURE 83
FIGURE 81

133A




re6d

134

the cells with the epoxy. Unfortunately, in trying to
separate the epoxy from the plates we end up damacing the
scparator material and we end up even effecting the plates
in several instances, such as right here. This was not
done due to the acceleration, this was done in the process
of dissecting the c-lls.

We didn't see any adverse conditions in regards
to any of the cells.

(slide 8€.)

This, again, is all the plates for one of the 21
ampere hour cells with the hold-down bars. Here are all the
positive electrodes. 2ygain, we have some of the separator
system in the photograph. This is woven Pollen, and this
again is Pellon here, and this is cellophane.

As you can see, +this particular cell, the plates
went directly up to the very top of the cell and they vere
severely damaged.

The zinc plates did not appear, acain, to be
damaged severly. In fact, there scemed to be little or no
evidence of the zinc plates really coming in =ontact with the
rold-down bars.,

There was one thing we did observe here, that the
grids of the zinc electrodes on the 21 ampere hour cells were
weak., This was caused during the welding process of the
leads to the grid. There were four lecads on each grid and
in the process of welding the grids were weakened.

This has been remedied. The grids are now modi-
fied on any other cell designs.

The cells that were tested at Crane, there was
some slight evidence that they did possibly touch, but that
is about all. There was no question about it that the 825 g
level severely -- there was a substantial difference in fact.
It was much more severe on the 825 g level than the 500 g
level.

(s1lide 87.)

These, again, are the internal components of one
of the 21 ipere hovr cells with the epoxy plate lack system.
This part. ilar damage you see on the top of the electrodes
was done in the process of trying to Aissect the cell or
remove the epoxy from the edges of the plates.
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We did see hairline cracks though in this area
on several electrodes. This is the only damage that we did
see, if you want to refer to it as damage. Evidently there
was definitely no adverse effect on the electrical test from
it.

The zinc plates were all intact. Again, in the
process of dissection we tore up a separator system to a
slight degrce.

(Slide 88.)

One-hundred-twenty-five ampere hour and 21 ampere
hour cells with the epoxy plate lock system have been pur-
chased to perform further electrical studies for the Venus
mission. The only design modification is in the zinc elec-
troes, and that is, the grids of the zinc electrodes of the
al ampere hour cells.

Thank you.
Are there any questions?

STEINHAUER: Charlie, was it considered necessary
to the mission to incur the deceleration forces toward the
terminals?

PALANDATI: This is something we were looking
into, Bob. One of the things was, was there any one particu-
lar axis that possibly we would have to avoid. The basic
idea here during the preliminary designs was to definitely
shoot for going in any direction and not try to put some
sort of a restriction on the project office and say, "Look,
you can't go in that particular attitude.," We definitely
were striving to make sure that the cells would be capable
of going in any attitude.

GASTON: I have two questions.

First question is: what kind of plastic was
the cell case?

PALANDATI: The cell case is a Bakelite C-1l1,

GASTON: On the positive electrode, what was the
grid material? It was an expanded material, I assume.

PALANDATI: Yes, it was a silver Ex-met.

GASTON: Do you know by any chance the number?
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PALANDATI: Yes, I do know the number. Let me
. | put it this way.

Goddard no longer has the Venus mission., At
the moment the Ames Research Center has the mission and I
i (:g have been asked not to give out any of the actual battery
specifications. 1In fact there is a gentleman here from
Ames, John Rubenzer. John, would you like to possibly elaborate
on this?

RUBENZER: Yes. If you want the information just
direct your questions in writing to Ames Research Center in
care of the Venus Program. (See Page 6 of second day)

GASTON: No, it was just curiosity.

; GROSS: Did you take any measurements, Charlie,
during the acceleration testing?

PALANDATI: Measurements in regards to what now?

GROSS: Battery voltage.

PALANDATI: Oh, yes, definitely. All cell volt-
ages were monitored. The battery currents were monitored.

GROSS: How did you do that? %

PALANDATI: They had a high speed recorder for
one thing. Of course we had voltage leads coming off each
cell.

1.
AEM“ o %

GROSS: The reason I ask that is, because this is
a test that we found really important in oxder to detect small
intermittent shorts.

Dol g g b
S WA a4
"t(a Feow

PALANDATI: Yes, this is true.

GROSS: You didn't find any?

PALANDATI: We saw no voltage deviations whatsoever -
throughout both tests, except for one of the 21 ampere hour W
(f cells that the cell case ruptured. In fact on that particular i
cell, not only did the cell case rupture, the plates buckled. e
It was the top cell. In fact the plate stack almost looked F
like the actual g profile we put it through, it went com-
pletely up and back down again. That was the only cell where e
we saw a momentary fluctuation in the wvoltage and, again, the !
voltage was still above 1.67 volts.
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GROSS: We have run tests similar to tnat that
is standard qualification of silver zinc batteries and
found that the weckest orientation was the 2 axis.

PALANDATI: Yes. Like I say, there have been
several other studies at the high shop levels performed on
sev.ral N.SA projects and, again, this always shows up, it
is the plus 2 axis. That is the problem.

SULKES: Was there any special reason why those
cells were reversed?

PALANDATI: No, it was an accident, this is it.
Actually let me put it this way. The battery people at Cranc
definitely said the plus 2 was in the direction we wanted it
to be.

SULKES: No, I am not saying physically. I can
see by the copper in the separator un the negative end that
those cells were electrically reversed, not in the accelera-
tion.

PALANDATI: These cells were reversed?
SULKES: Electrically reversed.
PALANDATI: No.

SULKES: If you will notice on your figures, your
pictures, you had layers showing the silver and then a clear
layer, and then the layer on the negative showed a darkening
and your negatives had this blue cast which comes probably
from a copper grid that was in the nagative.

PALANDATI: You are talking about the copper oxide.
This is a silver grid, this was not a copper grid. These
are silver Ex-met on the grid.

SULKES: That is unusual coloring then on the
negative separator. ’

PALANDATI: I think you are referring, more or
“ess, to the primary silver zinc cells where they use the
opper sheet?

SULKES: No, it is just on your pictures you show
a coloration on the negative end of the separator on your
slides, which has to come from either silver or copper attack-
ing that separator.
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PALANDATI: Are you talking about the bottom
separator now, that I showed?

GROSS: Yes.

PALANDATI: That is the C-19 for the positive
plates.

GROSS: Yes, but you go next to the positive as
you go from left to right on the negative side. Put one on.

PALANDATI: Yes. Dave, could you, or one of you
gentlemen there, put one on? Any one would be fine.

(Slide.)

SULKES: Okay, on your far right. You are showing
silver from the other end coming through, but then you should
see nothing on your negative end. It shows normally that
would either be some silver or copper coming from reversal.

PALADANTI: There was definitely no evidence of
reversal on all the electrical data. No cells ever went
down below one volt during the discharge. The ampere hour
capacities at the end of 6 cycles were 27 ampere hours on all
cells, and this was obtained through all 6 cycles.

SULKES: Well, it doesn't necessarily have to
reduce the capacity, but it is rather an unusual pattern when
you remove the separator to see that, unless it has in fact
been electrically reversed.

PALANDATI: I see what you are saying, but offhand
I don't have an answer for it.

HENNIGAN: A couple of years ago we ran these same
cells in several types of cycling with cellophane 2291, and
some other odds and ends, and there was no copper in the
cell and they were never reversed, but they call came out blue.

PALANDATI: Right,
HENMIGAN: Now, when you look at the plate when
they come out of the cell there is a blue cast to them. I

think it shows it up more here.

PALANDATI: That is true, there is a blue cast to
some of these zinc electrodes.
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HALPERT: Thank you, Charlie.
(Applause.)

(Whereupon, at 5:35 p.m., the workshop was
adjourned, to reconvene on Wednesday, November 15, 1972.)
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